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INTRODUCTION 


Popular opinion once pictured all Alaska as a frozen, 
treeless waste, inhabited only by polar bears and Eskimos, 
the latter living the year round in snow igloos and sub- 
sisting on seal meat. That such a description is more or 
less applicable to the tundra areas of the Bering and 
Arctic coasts can not be denied, but Alaska is too varied 
in relief, climate, and resources to-be pigeonholed with a 
phrase. In complete contrast with the flat, treeless 
tundra is the bold, fiorded coast of the “Panhandle” 
whose scenic beauties of glacier and forested mountain 
side, coupled with cool summer temperatures, have made 
of it a summer goal for an increasing number of tourists 
each year. In contrast again is the broad interior plateau 
region, drained by the mighty Yukon, where long hours 
of sunshine bring summer temperatures high enough for 
grains and vegetables to ripen and where berries are 
produced in abundance. Still further contrast is offered 
by the majestic mountain ranges which flank Alaska to 
north and south, the Alaska Range having the highest 
peak in all North America—Mount McKinley. Truly 
Alaska does not warrant a blanket description of any sort. 

Many people have been attracted to Alaska—explorers, 
prospectors, settlers, and tourists. Its resources of 
gold and copper, seals, salmon, and scenery are the main 
support of the inhabitants, which according to the 1920 
census numbered 55,061. 

Of primary interest to prospective Alaskan travelers 
and settlers are climatic conditions. The two nations 
that have controlled Alaska have always been interested 
in its climate, because, being on the borderland for 
human habitation, the extremes that would have to be 
endured there were of special concern. Before 1867, 
when the United States purchased Alaska, Russian mis- 
sionaries to the Eskimos kept weather observations at 
their various posts and Government officials kept records 
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for Sitka, the Russian capital. Other nations, chiefly 
the English and Americans, early sent ships of exploration 
into Alaskan waters, and there are scattered meteoro- 
logical records available for various points where these 
vessels wintered along Alaskan shores (7, p. 137). 

After the United States purchased Alaska, the United 
States Army surgeons kept weather records in connection 
with the post hospitals. ‘‘In 1878 and 1879, soon after 
the organization of the United States Weather Bureau, 
first under the Signal Corps of the Army, later as a bureau 
of the Department of Agriculture, a few first-class observ- 
ing stations, together with several voluntary stations of 
lower order, were established in Alaska” (1, p. 133). 
In 1917 an appropriation of $10,000 permitted the estab- 
lishment of additional first-class observing stations in 
Alaska (39, p. 464), so that there are now 9 such stations, 
while 44 cooperative observers bring the total up to 53 
weather stations. The cooperative observers include 
United States experiment stations, radio stations, mining 
and railway companies, and religious missions as well as 
individuals. 

The present study is an attempt to bring up to date the 
climatic data available for Alaska. Cleveland Abbe, jr., 
publishing in 1906 a section on climate in Alaska as part 
of Professional Paper No. 45, U. S. G. S. (1, p. 134), 
summarized the records used in his report as follows: 


The observations made up to the end of 1877 have already been 
summarized by Dall and Baker, and published, together with a very 
full bibliography, by the Coast and Geodetic Survey. The results 
of observations made at six United States Army posts, from 1861 
to 1871, and the continuous series of Russian and American 
observations at Sitka, from 1847 to 1874, have been summarized by 
C. A. Schott, and published in two volumes by the Smithsonian 
Institution. They form valuable supplements to the earlier mono- 
graph by Dall and Baker. * * The material summarized 
in the accompanying tables was taken from the manuscript records 
covering the period from 1868 to the present time, in the custody 
of the United States Weather Bureau. * * These records 
were made by observers who may be grouped in four classes— 

t surgeons at regular United States Army posts, regular Signal 
Bervien or Weather Bureau observers, voluntary observers supplied 
by the Weather Bureau with instruments, and members of various 


expeditions. 

In 1925, Melvin B. Summers, Alaska section director 
of the United States Weather Bureau at Juneau, published 
a Summary of the Climatological Data for Alaska, by 
Sections incorporating data from the establishment of 
the stations through 1921 (29). The present study 
makes use of these and other sources, as well as Climato- 
logical Data for Alaska, both monthly and annual pub- 
lications (37), and some manuscript data supplied by the 
Weather Bureau. 

Although the data are practically complete through 
1927, a survey reveals the fact that only 29 stations have 
adequate records averaging over 10 years and covering 
(besides rainfall and temperature) wind direction, frost 
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eriod, days with rain, snowfall, clouds, and so forth. 
Rein these data are not for the same series of years in 
many cases, but in spite of the seeming inadequacy of the 
records they are much fuller than those available when 
former studies were made for they cover a longer and 
more nearly consecutive period of years. 


I. Factors ALASKAN CLIMATES 


The title of this paper, The Climates of Alaska is used 
advisedly for Alaska, has no climatological homogeneity. 
Regions adjacent on the map are found to have widely 
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The continuation of the North American Coast Ranges 
in Alaska and the Alaska Range bear the chief responsi- 
bility for this contrast in climate between the Pacific 
coast and the interior. The Alaska Range attains heights 
of over 20,000 feet and the whole of southeastern Alaska 
is backed by’ ranges of between 5,000 and 10,000 feet. 
Such high mountains effectively interrupt the surface 
atmospheric circulation; hence in Alaska, they cut off the 
interior from the winds off the Pacific, thereby concen- 
trating precipitation on the coast and decreasing it in the 
interior; at the same time they prevent the oceanic winds 
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FIGURE 1.—Map of Alaska showing climatic provinces and the stations (underlined) used in the study 


different climatic characteristics and it is the study of 
these striking contrasts and the reasons for them that 
lend the major interest to Alaskan climatology. 

The climatic provinces into which Alaska has been 
divided and the location of the climatological stations 
therein are shown in Figure 1. 

The Pacific coast and islands region is marked by heavy 
rainfall, the rest of Alaska by little; the Pacific coast rain- 
fall has a cold season maximum, the precipitation over 
the rest of Alaska has a summer maximum; the Pacific 
coast is equable, thé interior extreme, in temperature 
characteristics. It is evident then that Alaska presents 
a marine climate along its Pacific border and a conti- 
nental climate over the rest of its area. 


from moderating the temperatures of the interior and 
hinder the passage of winter cold winds from the interior 
to the coast. 

Back of the Coast and Alaska Ranges is a rugged 
plateau region of 1,000 to 2,000 feet elevation, stretc § 
northward to the Brooks Range. This range was crosse 
several times by Wilkins (42, p. 530) in his air flights from 
Fairbanks to his base at Point Barrow preparatory to his 
exploratory trip that culminated in his toons i cht from 
Alaska to Svalbard (Spitsbergen). He found the moun- 
tains to be approximately 10,000 feet high, or about 5,000 
feet higher than was previously supposed. They, as well 
as the Alaska Range, play their part in keeping oceanic 
influences out of the interior, and consequently the wide 
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Yukon Valley has the coldest and hottest temperatures 
in aj] Alaska and only a meager precipitation. 

Beyond the Brooks Range a coastal plain about 50 
miles in width slopes to the Arctic Ocean. The interior 
plateau slopes from its elevation of 5,000 feet just over 
the Canadian boundary gradually westward and finally 
disappears under the Bering Sea; the Coast Ranges also 
gradually decrease in height to the westward but maintain 
their identity far out intg the ocean as the volcanic chain 
of the Aleutian Islands. 

This chain of islands, by interrupting the free circula- 
tion of Pacific waters, and especially by deflecting the 
Alaska current, the eddy of warm water from thy daben 
current drift which bears northward and westward along 
the coast in the Gulf of Alaska, allows the Bering Sea to 
stay colder than it might otherwise be, which in turn 
affects the climate of its coasts. The Bering Sea, being 
almost inclosed, freezes over much of its area during the 
winter (17) and, as snow-covered ice becomes almost like 
an extension of the land, takes on continental climatic 


characteristics. (Fig. 1.) The same is true to an even 
more striking degree of the almost completely and thickly 
ice-covered Arctic Ocean. 


Some tempering effect of the sea is still felt, however, 
for the unfrozen water beneath the ice gives off more heat 
to the surface than would be conducted from below to sur- 
face ice covering a land area, and hence ice temperatures 
over the sea never reach such a low minimum as those 
over the land. Furthermore, the occasional ‘“leads,”’ 
exposing open water to the winds, moderate somewhat 
the coldness which those winds may carry onto the coasts. 
Minimum temperatures of — 70° ¥. have been recorded 
in interior Alaska, but — 56° F. seems to be the lowest for 
Point Barrow on the Arctic coast. Winds from these 
frozen seas in winter carry so little moisture that the 
Bering and Arctic coast regions, in spite of marine location, 
have a continental summer maximum of precipitation. 

The Japan current drift and its Alaska Gulf eddy 
bring warmer water to the Pacific coast than would nor- 
mally be found at this latitude, thus magnifying the mod- 
erating effect of the ocean winds on winter temperatures 
and increasing the moisture content of the on-shore winds. 

One other factor important in Alaska’s climates is dura- 
tion of sunshine, which, as determined by Alaska’s 
latitudinal extent from 52° N. to 71° N., is quite different 
in the north from that in the south. The third of Alaska 
which lies north of the Arctic Circle has no sunshine at all 
about December 21 and very little during any of Decem- 
ber or January, while in corresponding parts of June and 
July it has almost or quite 24 hoursaday. All of Alaska 
is far enough north to experience a wide range in daily 
hours of possible sunshine during the course of a year and 
temperature, convection, winds, and consequent precipi- 
tation are affected accordingly. 

Duration of sunshine, mountain ranges, and surround- 
ing seas, then, may be called the chief factors in Alaska’s 
climates. What effect they have on the various cli- 
matic elements is discussed in the next section of this 
paper. 

II. Cummatic ELEMENTS 


SUNSHINE, CLOUDINESS, AND FOG 


The daily hours of sunshine possible for different lati- 
tudes across Alaska vary from none to almost 8 hours in 
December and from 16 to 24 hours in June (5). 
percentage of the 
ls genera cb ow in Alaska. 
are comp 


But the 
ssible hours which is actually received 
If the figures for Juneau 
with those for Boston (36) the striking fact 
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is brought out that in no month does Boston’s percentage 
of possible hours of sunshine received reach as low a fig- 
ure as the highest for Juneau. Nor does Juneau, even 
in the long days of summer when its possible hours of 
sunshine are 17 or 18 a day, ever equal Boston in actual 
hours of sunshine month by month. Boston has a 
yearly total almost twice that of Juneau, though both 
places have, of course, practically the same yearly amount 
of possible sunshine. And yet Boston has a rather low 
eaten of sunshine in comparison with most of the 

nited States (31, p 33), which makes apparent the exces- 
sive cloudiness of Juneau and presumably of the whole 
Pacific coast section of Alaska for which Juneau may be 
taken as representative. A very low percentage of pos- 
sible hours of sunshine in the month of October is of 
interest and will be found to correspond to the month of 
heaviest rainfall in this part of Alaska. 

Figures 2 to 6 show graphically for each of the climatic 
provinces the monthly distribution of clear, partly cloudy, 
and cloudy days, also the number of days with rain and 
with snow, the depth of snow in inches and the amount of 
precipitation in inches, and other data. 

No station in the interior of Alaska has data on sunshine, 
but an examination of that for Swede Creek in the upper 
Yukon Valley in Canada shows that March, April, June, 
July, August, and October all have a higher percentage of 
sunshine than Juneau, but again every month has a lower 
per cent and a lower actual amount than Boston. How- 
ever, Swede Creek has a total number of actual hours 
greater than that of Juneau in spite of one month of com- 
plete darkness, which indicates that the interior of 
Alaska (taking Swede Creek as representative of it) has 
more sunshine than the Pacific shores. This fact will now 
be brought out again in the study of the clear and cloudy 
days and days with precipitation throughout Alaska. 

Since the actual number of hours of sunshine is avail- 
able only for Juneau, the number of clear and cloudy days 
gives the best basis for the other Alaskan stations from 
which to deduce the probable amount of sunshine re- 
ceived during the month as compared with the possible 
amount. For practically all Alaskan stations the num- 
ber of clear days is seldom over half the month and often- 
times less than one-third. The greatest number of clear 
days is found in the interior and along the Arctic coast, 
especially during the late winter and early spring months. 
Clear skies are to be expected there at this time consider- 
ing the small amount of vapor that can be present during 
the cold weather of winter. 

All Alaskan stations except three or four in the interior 
average more cloudy days than clear ones in the course 
of the year. The Pacific coast is much the most cloudy 
part of Alaska with 200 cloudy days a year; interior and 
Arctic coast stations average under 150. More moisture 
is available to the Pacific coast region for the formation 
of clouds, while the coldness and dryness of the interior 
and of the Arctic shores makes fairly clear weather more 
usual there. 

The Panhandle stations, as would be expected, show a 
higher percentage of cloudiness in all months than other 
stations in Alaska, and have a winter rather than a 
summer or fall maximum of cloudiness as the rest of 
Alaska has. 

Records for foggy days are not available for any station 
in Alaska except Juneau (see footnote 1) which reports only 
one or two days of fog each month. ‘This is surprisingly 
low considering the emphasis laid on fogs by travelers 
who write about the region. However, the monthly pilot 
charts of the North Pacific Ocean (35) show from 15 to 
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25 per cent of the days as foggy in the Gulf of Alaska and 
about the Aleutian Islands during the winter season, 
which more nearly corroborates the statements of trav- 
elers. The warm winds off the ocean, blowing onto a 
colder land during the winter season, certainly would 
be conducive to a foggy condition so that probably 
this phenomenon is more common, on the outer coast at 
least, than Juneau’s record of only one or two foggy days 
a month would indicate. Juneau probably has its low 
record because it is protected by intervening islands from 
the full effect of damp winds from the open ocean. 

Unfortunately no records are available on which to 
base any definite statement regarding fog conditions over 
the rest of Alaska. Dawson, in Yukon territory, how- 
ever, probably indicates fairly well the fogginess of the 
interior plateau of Alaska. The summer months are least 
foggy, early fall and winter most so, for the colder tem- 
peratures tend to cause condensation of what moisture 
the atmosphere may contain. 

Fog is probably fairly frequent along the Bering Sea 
coast and Wilkins mentions heavy fogs around Point 
Barrow ' as well as in the Yukon Valley in the spring 
season (42). All the seasons have conditions favorable 
for fog formation along the Arctic and Bering coasts; 
spring and summer bring a contrast between warm land 
and cold water and fall and winter bring a contrast be- 
tween cold land and warm water. Open water in the 
northern seas, being of great extent only in summer and 
early fall, would tend to increase fogginess in those seasons 
= the coasts, for more moisture would then be avail- 
able. 

TEMPERATURE 


Alaska, warmer during the year than is normal for its 
latitude along its Pacific coast but with that warmth shut 
off from the interior regions by high mountain ranges, 
naturally presents quite a wide difference in mean annual 
temperature between its north and south portions, though 
the distance is only about 800 miles. High relief is the 
chief contributing factor here, for in regions of similar 
latitudes but of tow relief no such difference as 30° in 
mean annual temperatures is found. (Fig. 7.) For in- 
stance, in the Mackenzie Valley, Fort McPherson, north 
of the Arctic Circle, has a mean annual temperature of 
14.1°, while Fort McMurray, 750 miles south in the same 
lowland, has a mean annual temperature of 30.3°, the 
difference being only 16.2° (6). In the Union of Socialist 
Soviet Republics similar temperatures for Archangel and 
Moscow are 32.4° and 38.5°, respectively, a difference of 
only 6.1° (48). 

Examination of the annual temperature map of Alaska 
(fig. 7) shows that stations in the Alexander Archipelago, 
around the open parts of Prince William Sound, and on 
the southern shores of Kodiak Island all have annual 
temperatures over 40°. Slightly lower temperatures are 
found along the Pacific coast where the glaciers from the 
St. Elias Range descend to the sea. 

The annual map shows that from the Pacific coast the 
temperatures decrease northward to the Arctic Ocean, 
the 5° isotherms forming fairly parallel bands east and 
west across Alaska. It is evident from a comparison of 


! The author bY rong did not have access to the report of the International Polar 
Observations made at Point Barrow from November, 1881, to Aug. 27, 1883. These 
observations show that in winter months, November to March and April, fog is infre- 
quent but there is a considerable amount of haze which at times is so dense as to 
be mistaken for fog. The fog season at Point Barrow, judging from but two seasons, 
1882 and 1883, begins in May and continues through September. In the 5 months, 
May to September, 1882, dense fog was reported on 43 days with a total duration of 240 
hours, In the next we sobee J season or rather up to a 27, 1883, dense fog was reported 
on 45 days with a duration of 270 hours; in August, 1883, lacking 4 days, dense fog occurred 
on 15 of the 27 om which observations were made. It is also apparent from the record 


for this station that drizzling rain often continues for a number of hours consecu- 


tively, thus making visibility very poor.—A. J. H. 
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homogeneous decrease is due almost wholly to the condi- 
tions that prevail during the winter, for in summer there 
is an increase in temperature in going north, at least as 
far as the Yukon Valley. However, the contrasts in 
temperature during the winter months are evidently 
enough to overbalance the approaching equalities of the 
summer months, for the annual map shows an average 
difference of 30° for the entire year. 

Eleven 5° isotherms are required in January to show 
the difference of temperature across Alaska from over 30° 
on the Pacific coast to less than — 20° in the interior and 
on the north coast, while on the July map the four iso- 
therms, 45° to 60°, suffice to show the whole temperature 
range. Of especial interest is the crowding of the Janu- 
ary isotherms along the Pacific coast, showing the rapid 
decrease in temperature back of the coastal mountains 
which shut off the interior from the moderating influence 
of the ocean. 

On the July map the tendency of the 5° isotherms to 
encircle the interior is of interest; the center and hottest 
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Figure 6.—Graph of climatic data for the interior 


region is the Yukon Valley, with a decrease of tempera- 
ture in all directions toward the various coasts. This 
demonstrates very well the greater heating of land bodies 
as opposed to water bodies, especially when those land 
areas are cut off from cooler ocean winds by intervening 
mountain ranges. 

The greatest ranges of temperature, both absolute and 
annual, are found in the interior of Alaska. Eagle has 
the greatest range of any single station, with an absolute 
maximum of 95° F. and a minimum of — 69° F., the range 
being 164°. Allakaket has a lower minimum than Eagle, 
— 70°, and Fairbanks has a higher maximum, 99°; but the 
ranges at these two stations are less, being 160° and 156° 
respectively. Verkhoyansk, Siberia, and Fort Good 
Hope, Canada, regions of similar geographic character 
except that, due to their position with regard to prevailing 


winds, they are even less subject to oceanic influences than 
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Eagle, have greater absolute ranges, the figures being 183° 
od 172° respectively (15, p. 176, and 6). 

Figure 10, showing the absolute yearly temperature 
ranges in Alaska, illustrates very well the fact that in- 
creasing distances from the equable ocean waters cause 
greater temperature extremes. A range of under 100° 
occurs all along the immediate Pacific coast, and even the 
Arctic Ocean and the Bering Sea, though frozen over 
entirely or partially during much of the year, moderate 
somewhat the temperatures of the adjacent coasts, and 
thus the greatest ranges are found in the interior. This 
region is shut off by mountain ranges from winds off the 
surrounding water bodies and so is not warmed by them 
in winter nor cooled by them in summer. Furthermore, 
the lesser water vapor and clearer skies of this inland 
region allow greater cooling by radiation on calm winter 
nights and greater heating by insolation on long summer 
days than do the higher absolute humidities and cloudier 
skies of the coastal regions. 

St. Paul Island is the station par excellence to illustrate 
the equability of temperatures resulting from a marine 
location. This little island situated in the Bering Sea is 
of such slight extent that its temperatures depend almost 
entirely on those of the surrounding sea and it has the 
lowest temperature range in Alaska from April to October, 
inclusive. During the winter months, however, it is near 
or surrounded by the field ice of the Bering Sea which 
gives it lower temperatures and larger ranges than Dutch 
Harbor, an island station farther south and always sur- 
rounded by open water. With its minimum temperatures 
much lower and its maximums only slightly lower than 
those of Dutch Harbor, it yields first place for least 
temperature range in Alaska to Duteh Harbor during 
the months of November, December, January, February, 
and March. 

January and February are the months of largest tem- 


mse ranges in Alaska. Earlier in the winter ve 


ow temperatures are not so probable and by Marc 
temperatures much higher than normal would be rare, 
for settled cold weather is thoroughly established over 
all Alaska then, unalleviated by warming influences from 
any source, for water bodies are cold or actually ice 
covered and land areas are snow covered. In January and 
February, however, some very low temperatures and some 
fairly high ones are recorded, bringing the maximum 
range in January for 10 of the 29 chief Alaskan stations 
and in February for 9 of them. 

While absolute minimum temperatures are of*interest 
in the climatology of a region so near the pole as Alaska, 
the duration of low temperatures especially with respect 
to the freezing point is of more consequence to inhabi- 
tants of such a region. ‘‘Frost days,” those days during 
the course of which the minimum temperature falls at 
least as low as 32°, are numerous in Alaska, though Bar- 
row, Eagle, and Fort Yukon are the only three stations 
having frost days in every month, while Fortmann 
Hatchery, Sitka, and Yakutat, with four months having 
no frost days, stand at the other extreme. Barrow, with 
an average of 324 frost days, has the greatest yearly 
number, while Juneau and Sitka, each with only 106, 
have the smallest. The Pacific coast stations and St. 
Paul Island have some days each month even in the 
winter when the temperature does not fall to freezing, 
while over all the rest of Alaska practically every day 
from November, to March, inclusive has freezing tem- 
peratures. Here again the moderating influence of the 
warmer Pacific Ocean is apparent. 

The length of the frostless season, being dependent on 
the frost dates, is, of course, longer along the Pacific coast. 
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However, the long hours of sunshine and great heating 
of the interior plateau make the shorter growing season 
of this region sufficient for grains, vegetables, and many 
berries. The period without killing frost is generally 
over 140 days (4% months) on the Pacific coast; about 100 
days (slightly over 3 months) on the Bering Sea coast; 
only about 35 days (1 month) on the Arctic coast; and 
80 days (not quite 3 months) in the interior plateau. 

“Tce days” are those when the temperature is never 
above 32°. The contrast between the Pacific coast and 
the rest of Alaska is again apparent, the coast averaging - 
about 40 such days in a year while all the rest of Alaska, 
with the exception of two stations with marine location 
on the Bering Sea, Dillingham, and St. Paul Island, has 
over 100 ice days a year, the maximum being an average 
of 253 at Barrow. Nome, Eagle, and Tanana, represent- 
ative of the Bering Sea coast and interior Alaska, have 
almost entire i sometimes entire months of such 
weather from November to March, inclusive, whereas 
Juneau, representing the Pacific coast, never averages 
more than 14 such days a month and has over 10 days 
only in December and January. 

From the point of view of temperature the Pacific coast 
region of Alaska has extreme cold no more unbearable 
than that found over much of the United States, while 
the yearly temperatures have a more moderate range, 
being influenced in this respect by the marine location, 
than many parts of the United States. The interior 
region of Alaska averages much colder than the United 
States, but the fact that there is little moisture in the air 
during the winter season probably helps to make the 
cold bearable, while the rather high summer tempera- 
tures relieve the monotony of continuous cold under 
— more marine locations in these northern latitudes 
suffer. 


WINDS AND PRESSURE 


The January and July sea level pressure maps show 
the general winter and summer pressure distribution over 
Alaska. (Figs. 11 and 12.) uring the winter season 
the cold land and the polar ice cap, by greatly chilling 
and contracting the air, develop an area of | high pressure, 
while by contrast the warmer Pacific Ocean causes ex- 
panding air and low pressure, resulting in the so-called 
Aleutian Low, which has generally been thought to be the 
source of the great majority of the winter cyclones of 
North America. However, recent study of meteorological 
reports received from the Asiatic coast and islands and 
vessels crossing the Pacific has led to the conclusion that 
the cyclonic storms entering North America from the 
northwest originate far beyond the Aleutian Islands, the 
permanent Aleutian Low simply affording a favorable 
channel through which the disturbances pass, rather than 
being their breeding place (19, p. 134). 

The intensity of the winter-low pressure area seems to 
be in large pat dependent upon the temperature of the 
North Pacific waters, and especially on the temperature 

adient from a few hundred miles at sea to the shore. 

veral ago the Canadian Meteorological Service 
equipped four of the ships of the Canadian Pacific Steam- 
ship Co. with thermographs for recording the temperature 
of the surface water between Vancouver and Yokohama 
in an attempt to determine the relationship between water 
temperature and the intensity of cyclonic development. 
While detailed results have not been obtained as yet, it 
would seem that the warmer the Pacific waters are the 
more favorable are conditions for deep cyclonic depres- 


2 Tee ~ are commonly defined as those when the temperature does not rise to 32°. 
but here the difference in definition is of no consequence since temperatures to the nearest 
tenth of a degree were used in the Weather Bureau tabulations, 
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sions in the winter in the North Pacific, while colder water 
temperatures favor lows of less intensity. 

. In July the pressure distribution is nearly the reverse 
of that in January. The ocean, remaining cooler than 
the land, develops a high pressure while the heated land 
becomes a region of low pressure. However the nicu of 
July is not so high nor the Low so low as that of January. 
In January the high pressure of the interior, due chiefly 
to low temperatures, is intensified by the dryness of the 
air, and the tow of the Alaskan Gulf, due mainly to 
relatively high temperatures, is intensified by the mois- 
ture in the air; in July the same moisture conditions 
reduce somewhat the natural intensity of the HiGcHs 
and Lows which results from temperature alone. How- 
ever, the principal cause of the relative weakness of the 
July u1gHs and Lows is the small temperature gradient 
at this season. Since the intensities are Jess in July than 
in January, the summer pressure gradients are not suffi- 
ciently strong to be of the great importance in atmospheric 
circulation that the winter pressures are. 

The wind arrows on the maps generally fly in a direc- 
tion in accordance with the pressure distribution and the 
deflective effect of the earth’s rotation. Where they are 
at variance with what should be expected for the pressure 
distribution, the local topography is probably of greater 
influence. Wind roses are shown at those stations for 
which it was possible to calculate the actual percentage 
frequency of wind directions (36). The small arrows 
indicate the wind listed the greatest number of times over 
various periods of years at the different stations as the 
prevailing one for the month. In January and July the 
wind directions are quite definite, the strength of the 
well-established HigHs and Lows at these seasons deter- 
mining an actual “ prevailing’ wind, whereas in the transi- 
tional months of spring and fall, when pressures are 
weakened, variable winds are more characteristic. 

On the January map, southerly winds are of minor 
importance because the low pressure over the Pacific 
Ocean causes prevailing northerly winds. However, 
winds of strong southerly component are indicated b 
two of the wind roses—those for Juneau and Dutc 
Harbor. Probably local configuration determines the 
high percentage of southerly winds at Juneau; perhaps the 
almost equal percentages in southeast and northwest 
directions at Dutch Harbor indicate occasional shiftings 
of the low pressure area from the Pacific Ocean to the 
Bering Sea and back; or perhaps these opposite wind 
directions merely show that Lows pass now to one side 
and then to the other side of Dutch Harbor. 

On the July map it is the northerly wind directions 
which are unimportant on the wind roses for in this case 
the low pressure area is located to the north. A study of 
the direction of the arrows for the prevailing winds shows 
this same monsoonal character, exactly opposite direc- 
tions being noted in many instances in January and July. 
This is to be expected since the pressure gradient is oppo- 
site in these two months. The Siebel. of direction is 
noticeable only where winds have blown over the sea or 
over land of comparatively low relief; in the mountainous 
Panhandle district the winds are more affected by local 
topography than by the general pressure distribution and 
therefore have their monsoonal tendencies modified. 

The maximum wind velocities are obtainable for only 
two stations in Alaska—Juneau and Nome (36). Febru- 
ary seems to be by far the stormiest month, since in 7 
instances out of 20 the highest velocity for the year occurs 
in this month and the only two velocities of over 60 miles 
per hour occur in February. November and December 
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are both stormy, having four and three instances, re- 
spectively, of highest yearly velocity. From May to 
August is apparently the most quiet time of the year as 
the maximum wind velocity in these months was never 
of force equal to the yearly maximum for the 11 years of 
the record. 

In general, velocities throughout the year, but espe- 
cially in winter, seem fairly high, as might well be expected 
considering the intensities of the winter Lows and HIGHS 
and the short latitudinal distance between the two. The 
isobars indicate the resulting steep gradients and strong 
winds are the consequence of the gradients. 


PRECIPITATION 


The annual map brings out strikingly the heavy con- 
centration of precipitation in a narrow band less than 50 
miles wide along the Pacific coast. (Fig. 13.) In much 
of this comparatively small area the precipitation is well 
over 100 inches and is not less than 40 inches in the 
driest portion. Inland from this band of heavy precipi- 
tation the rainfall decreases rapidly, fully two-thirds 
of Alaska having an annual precipitation under 20 inches. 

An explanation of this geographic distribution involves 
mainly a discussion of wind effects and of physiographic 
features. The heavy precipitation of the Pacific coast 
region is the result chiefly of a combination of six factors: 
(1) The prevailing winds are off the ocean and so generally 
carry an abundance of moisture. (2) Cyclonic storms, 

assing through the depression formed by the Aleutian 
ow, frequently cross this region. They increase the 
moisture which the prevailing winds are able to bring 
onto the coast of Alaska, and the rising air currents in 
these cyclones induces precipitation by chilling and con- 
densing the vapor carried. (3) The coastal ranges prevent 
dispersal of the moisture-bearing winds over a wide area, 
thus concentrating the rainfall along the coast. (4) The 
coastal ranges have a further effect in inducing heavy 

recipitation by causing adiabatic cooling of the moisture- 
ebb winds as they rise on approaching the mountains. 
(5) The shore temperature itself, when cooler than the 
ocean temperature, favors precipitation. (6) While the 
pilot charts for the North Pacific (35) show prevailing 
westerly or southerly winds in the Gulf of Alaska, the 
coast station records show frequent northerly or easterly 
winds. ‘Those winds, blowing down valleys from the 
interior, are generally much colder than the winds off the 
Pacific. Consequently the warmer Pacific winds rise over 
the shore winds and precipitation results, both as a con- 
sequence of the cooling from increased elevation, and the 
mixing of the warm winds above with, and radiation to, 
the cold surface winds. The unusually heavy rainfall of 
172 inches at Latouche is probably the result of the 
coming together here of ey interior winds and warm 
ocean winds. 

The precipitation of the interior is reduced because of 
the concentration along the Pacific coast, but other fac- 
tors also enter in. It is a region of high pressure during 
the winter months, with settling and outflowing winds, 
and consequent low precipitation at this season. Most 
of the rainfall comes in the summer in the form of con- 
vectional showers for the development of which the 
inflowing air from the sea, with wide extent of land, and 
long hours of summer sunshine are favorable. When 
northerly or westerly winds do blow across the interior 
they are not able to precipitate much moisture, because, 
being from cold, ice-hemmed seas, their moisture content 
is slight. 
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FiGureE 15.—Mean precipitation, February 


Fieure 18.—Mean precipitation, May 
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FiGurE 21.—Mean precipitation, August 


FicurE 24.—Mean precipitation, November 
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Three islands of precipitation lower than that of sur- 
rounding areas are shown on the map—the Yukon Basin, 
the Matanuska River Valley, and the interior of the 
Alexander Archipelago. In each case the reduced precipi- 
tation is the meal of a rain shadow effect and descending 
winds, because each of the regions is lower in elevation 


elevation of 500 feet lies amid the interior plateau which 
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FiGuRE 25.—Mean precipitation, December 


averages 2,000 feet. The Matanuska River Valley is near 
sea level and is surrounded on three sides by mountains, 
the Chugach, Talkeetna, and Wrangell Mountains. It 
is in the rain shadow from the Chugach Mountains and 
receives descending winds from all directions. The low 
rainfall in the interior of the Alexander Archipelago is 
due to the rain shadow effect from the coast islands and 
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FIGURE 26.—Mean annual snowfall 


to descending winds also from the eastward mountain 
ranges, 

A generalized profile (fig. 27) extending directly north 
for 800 miles across Alaska from Latouche to the Arctic 
Ocean shows the great range in precipitation, from 172 
inches to only 5 inches annually, and also brings out the 
effect of elevation on precipitation since it cuts across 
the Kenai Mountains, the Matanuska River Valley, the 
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Alaska Range, the interior plateau, the Yukon Basin, the 
Brooks Range, and the Arctic coastal plain. Those points 
for which exact annual rainfalls are obtainable are indi- 
cated by the circles; the rest of the rainfall curve is only 
hypothetical. It is assumed that up to about 1,500 feet 
on the higher elevations of the Kenai Mountains back of 
Latouche the rainfall would be still higher than at 
Latouche,’? but would fall off rapidly in the rain shadow 
region about the head of Cook Inlet. Another rise in 
amount is indicated by the 26 inches at Talkeetna and a 
still greater amount is assumed on the southward-facin 
slope of the Alaska Range, for this range reaches enoug 
higher than the coast range to receive some moisture- 
bearing Pacific winds. North of the Alaska Range on 
the plateau there is a sharp falling off in precipitation. 
The generalization in the rainfall profile from the coast 
to the Yukon Valley is based, to some extent, upon par- 
allel conditions from the California coast eastward to the 
Great Plains, where more data on which to base an exact 
profile are available. 

About the same amount of precipitation is indicated 
across the whole interior plateau region. This seems to 
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Fiaur£ 27.—Profile of precipitation north/south across Alaska 


be justified because all the stations, of which two are on 
the direct north-south profile line, have annual precipi- 
tations varying no more than from 10 to 13 inches. 


No actual figures for precipitation on the Brooks Range 
are onsliadle: tok it is assumed that it would be rela- 
tively low in spite of the great height of the range. The 
north slope, depending on winds off the Arctic Ocean to 
bring in moisture, would receive little because of the 
coldness of the winds; the south slope, receiving winds 
off the Bering Sea, which are almost as much chilled as 
the Arctic winds and which, in addition, have crossed a 
broad extent of land, would also receive little precipita- 
tion. The profile shows, therefore, only about 35 inches 
annual precipitation for the range, the maximum prob- 
ably occurring at an elevation of 4,000 to 5,000 feet,* 
with a rapid decrease in amount over the lower elevations 
on either side. 


8 The assumption is based on A. J. Henry’s conclusions in Increase of Precipitation 
with Altitude. (MONTHLY WEATHER REVIEW, vol. 47, 1919, pp. 33-41.) Henry finds 
that on the Cascades in Washington the maximum precipitation apparently comes at 
an altitude of about 1,500 feet, though in Oregon the station on his west-east cross 
section, which has the maximum precipitation, has an elevation of only 575 feet. In 
Norway also the maximum is found at an altitude of 1,500 feet, Kvitingen, a station 
of that altitude, showing the maximum precipitation for all Norway (46). Since the 
Pacific coast of Alaska has geographic conditions resembling those in Washington and 
Norway, the maximum precipitation on the Kenai Mountains is placed at 1,500 feet. 

4 A special study of precipitation in Norway by H. W. Ahlmann (44) brings out the 
fact that summer time precipitation reaches its maximum at an elevation of 5,000 feet 
because of the lower relative humidity with high summer temperatures. Since the 
Brooks Range receives a summer maximum of rainfall, it is assumed that the zone of 
maximum precipitation on the range would be more or less in accord with that of Norway 
in the summer, the zone therefore being at approximately 4,000 or 5,000 feet. 
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The monthly rainfall maps again show the heavier 
recipitation along the Pacific coast. (Figs. 14-25.) 
t holds for every month of the year, but in July the 

precipitation contrast between the coast and the rest of 
Alaska is least and in September it is greatest. In 
July no place receives more than 5 inches nor less than 
1 inch while in September a portion of the coast around 
Cordova receives over 20 inches and the Arctic coast 
receives less than 0.5 inch. In the summer time the 
HIGH in the Alaskan Gulf is conductive to on-shore 
winds so the rugged Pacific coast receives summer rainfall 
from that source as well as from the few and relatively 
weak cyclones which pass over the region; the amount, 
however, is by no means so great as the numerous cyclonic 
storms and great land and sea temperature contrasts 
of fall and early winter cause. On the other hand the 
rest of Alaska, becoming comparatively hot in July and 
August, causes convectional rainfall and this also at a 
time when the air is hottest and can include the most 
moisture. Therefore the most uniform rainfall distribu- 
tion over Alaska is found in summer, especially in July. 

The early fall months are seen to be the rainiest along 

the coast, September, October, November, and De- 
cember all having considerable areas with over 15 inches 
and sometimes 20 inches of rainfall each month. 


The islands of reduced precipitation mentioned in the - 


discussion of the annual map may be traced through the 
monthly maps, the actual island formation of the isohyets 
showing on the January, February, March, April, May, 
June, July, and October maps and the tendency being 
represented by a bend of the isohyets around these 
regions on the other monthly maps. 

June is the month receiving the least rainfall over the 
whole of Alaska; at this time the 5-inch area is very small 
and there is no area receiving more than 5 inches, while 
the whole Arctic coast receives less than 0.5 inch. The 
greatest total rainfall comes in October when there is 
quite a large 20-inch area and no part of Alaska has under 
0.5 inch. The occurrence of the least rainfall in June is 
mainly due to the fact that cyclonic action with accom- 
panying strong on-shore winds, is relatively weak at 
that season; the greatest rainfall in October comes when 
cyclonic action is strengthening and land and sea tem- 
perature contrasts are great. 


SNOWFALL 


Snowfall over Alaska is found to have a general dis- 
tribution similar to the rainfall, as would be expected. 
(Fig. 26.) There is a heavy fall along the Pacific coast 
with a decrease northward to a minimum, as with total 
annual precipitation, along the Arctic coast. 

It is along the Bering Sea coast that the snowfall map 
differs most decidedly from the rainfall map. The 
surprising variation in amount from under 40 inches 
around Dillingham to over 80 inches a short distance to 
the north is hard to explain. For one thing, the records 
are not long and are not for a uniform series of years so 
that the mean monthly and annual snowfalls are found 
to vary considerably. However, the annual snowfalls 
for the same years may be compared at Dillingham and 
Holy Cross as follows (38): 


Inches of snow 
Dillingham} Holy Cross 
19. 2 43. 2 
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These three years show consistently the great difference 
in the annual snowfalls and seem to indicate that the 
difference is an actual one rather than an apparent one 
due to inadequate records. ) 

A further explanation for the difference may be found 
in the fact that Dillingham shows a less amount of snow 
in early winter and late spring than do Akulurak and 
Holy Cross to the north, presumably because Dilling- 
ham, with higher mean monthly temperatures, receives 
rain from the same storm which brings snow to Akulurak 
and Holy Cross. In April, Dillingham has an average 
of 3.6 inches of snow while Akulurak and Holy Cross 
have 10.3 and 8.1 inches, respectively. In October, 
Dillingham averages 1.2 inches while the other two 
stations show 1.4 and 5.8 inches. It would seem, then, 
that lower temperatures to the north may account for 
some of the difference in annual amount of snowfall, but 
May shows Dillingham receiving more snow than either 
Akulurak or Holy Cross. This is occasioned by a heav 
snowfall of 25 inches in one of the 8 years of the record, 
all but one of the other years showing no snow at all. 
This instance of an individual heavy snowfall having too 
much weight in the average, suggests again that inade- 
quateness of records prevents the obtaining of good long- 
time averages and so may account for much of the 40 to 
50 inches difference between the northern and southern 
parts of the Bering Sea coast. 

Barrow is the only recording station averaging some 
snowfall in every month of the year. The Pacific coast 
in general has 4 months without snow, the Bering Sea 
coast 3 months, the interior 2 months, and the far North 
no month without at least a trace of snow. 

. In the interior June and July are the months without 
snow while in the same latitude the Bering Sea coast has 
July and August free from snow, again illustrating the 
effect of a cold sea in retarding the maximum heating 
an increased number of weeks beyond normal after the 
highest sun. 

DAYS WITH PRECIPITATION 


(See figs. 2-6) 


The Pacific coast, with its heavy precipitation, natu- 
rally has the greatest average number of days with 
rainfall. St. Paul Island, however, which averages only a 
third as much precipitation as the Pacific coast, has 
more rainy days than the coast average. It is evident 
that St. Paul Island, like northwestern Europe, receives 
most of its precipitation in a more or less continuous 
steady drizzle which does not give a high total even 
when two-thirds of the year has been rainy. 

The least number of rainy days is at Kennecott, in the 
rain shadow of the coast mountains. Barrow has only 66 
days with precipitation of 0.01 inch or more. The 
interior high-pressure area giving Barrow frequent land 
winds and clear skies instead of ocean winds, and the 
coldness of the ocean winds which do blow prohibiting 
their including much vapor, explain why it should have 
such a low number of rainy days. 

The whole interior, which has a low total of precipita- 
tion, also has few rainy days. Here the fact that much 
of the precipitation comes in summer convectional 
showers, which tend to concentrate most of the rainfall 
for a month in a few showers, helps to explain the low 
number of rainy days. 

The heaviest rainfalls in the course of 24 hours occur 
along the Pacific coast. The summer convectional 
showers of the interior seldom produce more than an 
inch of rain in any 24 hours and never as much as 2 
inches, whereas the heavy and steady orographic and 
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cyclonic rains of the coast often produce 4 or 5 inches in 
24 hours and sometimes as much as 9 or 10 inches. In 
one day the rainfall of the coast may equal or surpass the 
yearly total received at many stations in Alaska. 

Those stations which are backed by high mountains 
have the heaviest rainfalls, but the fact that the greatest 
rains come in the fall and winter when cyclonic storms 
are frequent and land and sea temperature contrasts 
are greatest shows that these two factors as well as the 
orographic are amplifiers of the 24-hourly maximum 
rainfaHs. 

An endeavor has been made to present in this section 
of the paper each of the elements of climate—sunshine, 
temperature, wind, and precipitation—and to show how 
latitude, oceanic influences, and topography as found 
in Alaska have determined their intensities, extremes, 
and averages, and have made Alaskan climates what they 
are. Latitude determines the possible sunshine, sun- 
shine dominates temperature, temperature differences 
lead to winds, and wind causes precipitation—so much is 
true for any extended part of the world. But individual 
characteristics depend on the other factors—land and 
water areas and topography; hence, in Alaska it was 
found that the surrounding seas and marked relief have a 
very profound effect on the climate, mitigating extremes 
in some instances, emphasizing them in others, but 
changing the climate very materially from what it 
would be if latitude alone were the basis of it. 


Ill. Szeasonat ConpliTIONS IN THE CLIMATIC PROVINCES 
(See fig. 1 and figs. 2—6) 


In undertaking a seasonal description of weather in 
Alaska it seemed best to organize the discussion around 
each of the several distinct climatic provinces into 
which Alaska naturally divides itself. There is an obvi- 
ous contrast between the climates of the Pacific coast and 
the Yukon Valley and there is a gradual but increasing 
coldness and dryness found in going northward along the 
Bering and Arctic coasts. The general limits were 
therefore easy to determine and, as a guide in choosing 
more exact boundaries, the divisions made by Supan, 
Herbertson, Képpen, and Ward were studied, as well as 
physiography, amount and seasonal distribution of 
rainfall, and mean monthly temperatures and ranges for 
the 29 representative ns stations in Alaska. . 

Maps 22 to 24 (not reproduced) show the Alaskan 
climatic provinces as delimited by Supan, Herbertson, 
and Képpen. (Ward has made no map of his regions.) 
The lettering and numbering of the provinces is the 
same as that appearing on these authors’ maps showing 
climatic provinces over the whole world. Supan charac- 
terized his provinces as follows (40, pp. 55-60): 

24=Northwest American coastal province—mild, equable, 
rainy climate. 

1=Arctic province—no trees, and mean temperature of the 
warmest summer month never over 50° F. 2 

23=Hudson (North Canadian) province—great extremes of 
temperature and little precipitation. 

Herbertson’s major natural regions are based on a 
unity of temperature, rainfall seasons, configuration; and 
vegetation; the most characteristic region in each type 
gives the name to that type wherever it may occur in 
the world. Hence, in Alaska, the characteristics of 


Herbertson’s climatic provinces are indicated by the 

lettering on the map as follows (13 and 14): 

(1=cold; 2=cool; a=western 
margin of continents; c= 


central lowlands; d=highland 
or plateau.) 


2 a= West European. 
1 a= Norway. 

1 ec=Tundra. 

1 d= Yukon. 
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The Képpen classification is made on a purely climatic 

uae the letters indicating the following characteristics 
16): 

Cfb=Warm, temperate, rainy, climate; constantly moist; 
temperature of the warmest month less than 22° C. and more than 
four months greater than 10° C.; damp, temperate climate. 

E 10=Tundra climate, snow. 

Dfe=Sub Arctic climate; congenGy moist; temperature of only 
one to four months more than 10° C.; coldest month more than 
—36° C.; cold climate with dry winters. 

Ward does not delimit his climatic provinces in Alaska 
by exact boundaries, but he takes up his discussion using 
the following divisions (41, pp. 500-509): 


I=Southeastern coast. 
IIi= Alaska Peninsula and Aleutian Islands. 
III=The Arctic Shore. 
IV =The Interior. 


Figure 1 shows the climatic provinces on which the 
seasonal weather discussion in this paper has been based, 
the numbers indicating the following names: 


Ia= Pacific coast and islands (marine). 

Ib= Pacific coast and islands (rain shadow). 

Il= Bering Sea coast and islands (semi-ice marine). 
III= Arctic coast (ice marine). 

1V=Interior (cold continental). 


A study of all five classifications shows that in each 
case a differentiation has been made between the Pacific 
coast region, the interior, and the Arctic coast region, 
and in all but Ward’s classification, the Bering Sea coast 
has been made a separate province. Figure 1 is dis- 
tinctive in that: 

(a) The Aleutian Islands and the Alaska Peninsula 
south of the Aleutian Range are included with the south- 
eastern section of Alaska. This inclusion seemed to be 
justified by a study of temperatures and total and seasonal 
rainfall for the 12 stafions included in the group. The 
line was made the summit of the 

ange. 
(b) The boundary of the Arctic province has been made 
the summit of the Brooks Range, though of course no 
station data are available to indicate this, the assumption 
being merely that such a high elevation would be a very 
effective climatic barrier. The Arctic province is made 
to extend southward halfway across the Seward Peninsula, 
meeting the coast at: the narrowest point of the Bering 
Strait, since this point probably marks a division between 
Arctic Ocean me Bering Sea influences on climate. 

(c) Province Ib is indicated as a subdivision of the 
Pacific section because it depends on Pacific coast ‘con- 
ditions for its temperature and rainfall, but being 
behind the coastal ranges, its temperature is not so 
equable nor its rainfall so great as on the immediate 
Pacific coast. Here again the boundary lines have been 
made the summit of ranges. The Alaska range protects 
this “rain shadow” province from the extremely cold 
winter temperatures of the Interior and the Chugach 
and Wrangell Mountains ~revent its receiving the heavy 
rainfall and moderate tesnperatures of the coast. : 

The names of the provinces are intended to denote 
their geographic location, from which something of their 
climatic characteristics may be inferred. Further indi- 
cation of the outstanding features of the climate of each 

rovince is made by the brief phrase in parentheses 
ollowing the names. While it is hoped that from the 
names of the provinces themselves the general seasonal 
course of each of the climatic elements may be deduced, 
this section has been devoted to a rather full description 
of seasonal weather in each province. Since the reasons 
generally have been given before, this section aims merely 
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to describe seasonal conditions without any discussion 
of causes. 

Figures 2 to 6 show graphically the monthly weather 
conditions for each of the provinces. The data from 
which these graphs were drawn were obtained by averag- 
ing the figures of all the stations in each province. 


PACIFIC COAST AND ISLANDS PROVINCE (MARINE) 


As the parenthetical characterization implies, this 
province is marked by ample rainfall with a fall and winter 
maximum, and by tom 3 temperatures throughout the 

ear. 

. This region, judging from a study of thermometer 
readings, should be the most pleasant in Alaska during 
the winter season. Mean temperatures for December, 
January, and February are but slightly below freezing, 
while average maximum temperatures for these months 
range around 45° and minimums are well above zero. 
Extremely low temperatures are never encountered here 
and ranges are too moderate to cause any discomfort 
on that score. 

But temperature is not the only factor to be considered 
in determining a pleasing winter climate. The number 
of clear and cloudy days, frequency of fogs, amount of 
precipitation, and velocity and direction of winds all 
combine with temperature to make weather either agree- 
able or disagreeable as the case may be. That their com- 
bination during the winter is distinctly detrimental to 
the perfection of Pacific coast winter weather is apparent 
from what Henry Gannett says of the region at this season 
(10, p. 186): 

Take the well-known climate of San Francisco, with its dampness, 
fog, and cold sea winds; reduce the temperature 15° to 18° and 
increase the dampness and fog in proportion, and you have a fair 
idea of the climate of the Alaska Paci c coast. 

As in any marine type of climate, cloudiness, precipi- 
tation, and fog, with accompanying Jack of sunshine, 
are dominant features of the winter season in this section 
of Alaska. Only 6 to 10 hours of possible sunshine a 
day during the winter season is allotted to a region 
situated between 53° and 63° north latitude, but this 
section of Alaska with only an average of 35 clear days 
from October to February, inclusive, gets but little more 
than one-fifth of its allotted sunshine. Juneau receives 
an average of but 295 hours of sunshine during the winter, 
while the possible amount for its latitude is about 1,200 
hours. The most northerly parts of this province with 
as few as five hours of possible sunshine on the shortest 
days would, of course, receive much fewer actual hours 
of sunshine than Juneau, but no records are available to 
show this. 

Over the whole province during the winter season the 
monthly average af cloudy days is 20 and of clear days is 
7, the remainder of the month being classed as partly 
cloudy. Juneau has an average cloudiness of about 
eight-tenths during the winter. 

Though records of foggy days are lacking except for 
Juneau, and here A seem to be quite infrequent, 
Alaskan literature is filled with references to fogs. Fur- 
thermore, the contrast between the chilly air over the 


cold land or Bering Sea in fall and winter and the warmer, © 


moisture-laden winds off the Pacific would certainly 
lead one to expect an abundance of fog. Indeed, there 
are stories that ships, attempting to reach ports on the 
Aleutian or Pribilof Islands sometimes miss the islands 
altogether because of fog and are forced to sail about for 
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several days hunting for their destinations. The raw 
chilliness of frequent fogs, then, may be added to the 
general unpleasantness of the winter conditions along 
the Pacific coast. 

In this province winter is a season of heavy precipi- 
tation, much of it coming in the form of rain at the record- 
ing stations, though it 1s probably mainly snow on the 
higher elevations. In the matter of precipitation and 
temperature, the station records may well be misleading 
for all the stations are quite near sea level, and pre- 
sumably precipitation is greater and temperature less 
on the adjacent mountain sides. Substantiating this 
contention are the innumerable glaciers with which the 
whole of southeastern Alaska abounds, many of them of 
such size that they even reach the sea in spite of quite 
high summer temperatures. 

About two-thirds of the days have precipitation amount- 
ing to at least 0.01 inch and still other days have traces. 
From what one hears of the type of rainfall in this section 
of Alaska, a ‘‘rainy day” means a steady, continuous 
drizzle for hours, punctuated with occasional periods of 
heavier downpours. Because rains are of this drizzling 
type, even though they last all day the maximum 
amounts in 24 hours generally do not average excessively 
high (only about 2 or 3 inches). A few instances of over 
10 inches have been recorded, however, and 4 or 5 inches 
in a day occurs usually in each of the winter months at 
Cordova, Latouche, and Yakutat, though the averages 
for 24-hour maximums are only about 2 or 2% inches. 

Winter winds are strong, maximum velocities well over 
30 miles per hour occurring at Juneau in all winter months. 
The prevailing direction is easterly—northeast, east, or 
southeast—for most of the stations during the winter. 
This direction is determined by the winter pressure 
distribution or by local topography, the whole province 
being a region of. high relief. These winds blow from a 
cold region to a warmer one, though they are somewhat 
heated adiabatically in their descent from the eastward 
mountain ranges; being land winds, clear as well as cold 
weather accompanies them. On the other hand, the gen- 
eral cyclonic movement is on-shore, bringing moisture 
and accompanying clouds, fog, and precipitation to the 
coast. In this province, therefore, it seems that winter 
winds are disagreeable whichever way they blow, for they 
bring either coldness or dampness, or both (when warm 
ocean winds ride over cold land winds). 

Spring is a transitional season marked by lengthening 
days, rising temperatures, variable winds, and decreasing 
rainfall. 

Then comes summer time, in this part of Alaska said 
to be ideal. It is cool and clear, with long hours of day- 
light, and’ rainfall reaches its yearly minimum. June 
and July average under 5 inches and August between 
5 and 10 inches. This is the tourist season, the mountain 
scenery and pleasant, invigorating climate attracting 
them, as do also those tangible results of climatic con- 
ditions, the scenic wonders provided by the great glaciers 
and the deep coniferous forests. 

Summer shortly gives way to fall. September, October, 
and November bring the heaviest precipitation of the 
whole year, the days get shorter and shorter as the autumn 
wears on, fog, clouds, and drizzle set in with occasional 
snow flurries, mean temperatures gradually decrease, 
their decrease being slow and retarded, as was their in- 
crease, by the adjacent Pacific waters. By December 
the disagreeable winter season is well under way again. 
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PACIFIC COAST AND ISLANDS PROVINCE (RAIN SHADOW) 


Between the immediate coast ranges and the crest 
of the high Alaska Range is a valley running from Cook 
Inlet to the Wrangell Mountains. While close to the 
Pacific Ocean the coast ranges keep out much of the 
ameliorating influence of the warm ocean waters and 
also most of the moisture-bearing winds. This region, 
while depending mainly upon Pacific coast influences 
for its climatic conditions, yet has those conditions so 
modified by the intervening mountain ranges that it has 
been made a separate province, the Alaska Range being a 
climatic barrier which prevents its inclusion in the in- 
terior province. ‘ 

Winter temperatures are more severe than those of the 
coast province, for besides being shut off from tempering 
ocean winds, the lowness of the region, surrounded by 
mountain walls, causes the cold air to settle and find 
difficulty in draining away. The high Alaska Range, 
however, protects this region from the extreme cold which 
develops in the interior, only rarely allowing the cold 
winds to ‘‘spill over” into the valley, though sea-level 
pressure gradients would normally cause such winds to be 
the prevailing ones. 

The number of cloudy days in winter averages about 
five or six a month less than on the Pacific coast, clear 
days being correspondingly more frequent. This region, 
therefore, though more northerly than the coast, prob- 
ably receives as much and perhaps more sunshine than 
the coast because of its greater number of clear days. 
The lack of cloud cover is undoubtedly a factor in the 
lower temperatures of winter here than on the coast, 
for clearer skies permit greater nocturnal radiation. 

A still greater decrease from coastal averages is noted 
in the number of rainy days in this province, there being 
only about one-third as many such days here as on the 
coast. This is, of course, due to the fact that the winds 
are chilled as they ‘cross the coast ranges, thereby losing 
so much moisture that little is left to be precipitated in 
this rain-shadow region, and, furthermore, the winds are 
descending, and therefore warming and drying winds, as 
they enter this lowland. 

inter precipitation is low, averaging only a little over 
an inch a month. It is the precipitation factor which 
mainly distinguishes the region from the Pacific coast 
province, for besides the very much lower yearly total 
(less than one-sixth as much), the seasonal distribution is 
somewhat of the continental type. The rain-shadow 
province has an August and September maximum of 
precipitation, whereas the coast of which it is essentially a 
part has a September, October, and November maximum. 

Spring is the least cloudy and least rainy season of the 
year. The winds in spring come from an ocean at its 
coldest temperature and so bring in the least amount of 
moisture, which becomes increasingly less by the time it 
reaches the rain-shadow region. The land is too cold to 
bring about convectional rains. Thus it is evident that 
the action of neither the marine influences which bring 
fall and winter precipitation nor the continental in- 
fluences which bring summer rains, is vigorous enough in 
the spring to cause much precipitation. Hence, this is 
the driest season of the vear. 

The June, July, and August mean temperatures are 
practically the same as those on the Pacific coast, but the 
absolute ranges average between 5° and 10° higher, the 
maximum and minimum extremes both being somewhat 
greater in the rain-shadow region. The fact that the 
mean temperatures are slightly higher in summer in this 
province than on the immediate coast is probably due to 


‘across the flat. surfaces of the ocean or the tundra. 
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its being protected by the coast ranges from the chilly 
ocean winds and also to its receiving more insolation, be- 
cause of less cloudiness, than the coast. In spite of 
somewhat higher temperature in the three summer months 
in the rain-shadow province, the growing season averages 
only 109 days, while that of the coast averages 141 days. 
Frost days last, on the average, about 8 days longer in 
the spring and begin 24 days earlier in the fall in the rain- 
shadow province, illustrating the fact that protection from 
marine influences allows more rapid heating of the land in 
spring and more rapid cooling in the fall, the warm Pacific 
Ocean, with is attendant dense cloud cover, being espe- 
cially effective in retarding the approach of cold weather. 

Rainfall increases month by month from May to 
September. It seems to be a combination of convec- 
tional showers in the hottest months and a chilling of 
damp winds in the colder month of September. The 
September maximum, however, only averages 2.82 inches 
while in the same month the coast is receiving almost 11 
inches. 

Fall brings a rapid decrease in mean temperature, a 
10° drop from the summer level of about 55° occurring 
between August and September, a similar drop from 
September to October, and one of 16° from October to 
November. This is the season of greatest number of 
cloudy days, these days continuing to be numerous though 
the rainfall decreases considerably. 

It will be noted that this province has features of both 
continental and marine climates. It has a fairly low 


annual range of temperature and an early fall maximum 


of precipitation, both of which characteristics are marine; 
on the other hand it has greater extremes of temperature 
than the coast, and its summer precipitation is more than 
that of late fall and winter, which shows continental in- 
fluences. Furthermore, its distinctly low total of precipi- 
tation precludes its climate being thought of as ‘eubutially 
marine. However, the fact that this rain-shadow region 
has a comparatively low annual range of temperature 
and an early fall maximum of precipitation indicates that 
it is dependent on Pacific coast conditions for its climate 
and it is therefore made a subdivision of.that province. 


BERING SEA COAST AND ISLANDS PROVINCE (SEMI-ICE 
MARINE) 


Much of this province is a level, deltaic or coastal plain 
area where physiographic and climatic conditions favor a 
tundra formation. Trees grow only along the stream 
courses where drainage is better (3, pp. 98 and 99). The 
hummocky, moss-covered, ground never thaws to any 
great depth and is therefore always undrained and 
swampy, often with water standing between the hum- 
mocks in the warm season. It has been found that clear- 
pan Bey the tundra vegetation allows the ground to thaw 
sufficiently té make agriculture practical, but of course, 
this has not been undertaken on any vast scale (9). 

Being farther north and also bordered by a colder sea, 
winter comes earlier and attains greater severity here 
than on the Pacific coast, the mean temperatures averaging 
below 10° F. during December, January, and February, 
while absolute minimum temperatures average well be- 
low zero from December to arch. 

The maximum wind velocities for Nome are always 
higher than for Juneau, as would be expected, for Juneau 
is protected by high mountains while Nome and all the 
Bering Sea coast area is subject to high winds omeeping 

ere 
are not even trees to break the winds as there are in the 
interior, and with a prevailing northerly direction during 
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the winter importing cold air from the polar ice cap, the 
importance of wind as one of the most disagreeable ele- 
ments of the winter climate is evident. 

Winter precipitation is light and comes practically all 
in the form of snow. An average of about 35 inches of 
snow falls from December to February, but the stro 
winds sweep many places clean and leave the snow wiled 
in drifts where any protection is afforded. March brings 
a somewhat heavier snowfall than any of the three colder 
months, for in all this Arctic world the most severely 
cold weather is clear and it is the warmer springtime that 
brings clouds, snows, and rains. 

Summer time shows a still higher percentage of cloudy 
days than spring, and has the maximum rainfall. In 
spite of a marine location, the Bering Sea coast has a 
continental seasonal rainfall distribution, apparently for 
two reasons. In the first place, the sea freezes over much 
of its area during the winter and this ice surface tends to 
take on land characteristics, which puts the Bering Sea 
coast, as it were, within a polar continent with no open 
seas close at hand from which moisture for winter pre- 
cipitation could be brought; in the second place, the 
very low temperatures prevent the winds from gatherin 
much moisture from open seas, “leads,” or the ice itself, 
even when it is available. But the warmer days of sum- 
mer, breaking up the ice and heating the land, cause 
convectional showers from the increased available mois- 
ture in the air and consequently the Bering Sea coast has 
a continental summer maximum of precipitation. 

. Maximum temperatures of over 80° may occur in 
June, July, and August, as may also minimums below 
freezing. George Byron Gordon, writing of a trip down 
the Kuskokwim River, says that the July sun “though 
not hot, had sufficient power to inflict a burn”’ (11, p. 47). 
He encountered only two thunderstorms during the whole 
summer’s trip (1907), but apparently felt it to be rather 
unusual. 

From August 10 on it begins to grow colder (11, pp. 
99 and 100), but the figures show the greatest drop in 
mean temperature to be between alr i and October. 
September, Gordon says, is a month of heavy fog along 
the coast, as would be expected, for the land is at that 
time more chilled than the sea. By the end of September 
the sea has begun to freeze around Nome (11, p. 163), 
and winter is setting in once more. 

While having a marine location, the fact that the 
Bering Sea is frozen during so much of the year modifies 
greatly the marine features of the climate. Hence, the 
name ‘“‘Semi-ice Marine.” The ice cover allows tem- 
peratures to go much lower than would be the case were 
the sea unfrozen; it provides much less moisture to the 
air and hence less precipitation to the land than open 
water would; it retards the coming of spring even more 
than ordinary large water bodies would, for so much of 
the sun’s heat is needed to melt the ice before actual 
heating of the water can begin; it causes a summer maxi- 
mum of precipitation by providing little moisture from 
its frozen surface and by chilling the air to such an extent 
that it can include very little vapor. Chiefly in these 
four ways does the ice cover modify the marine features 
of the Bering Sea coast climate, making it verge on the 
continental type. : 


ARCTIC COAST PROVINCE (ICE—MARINE) 


In the main the country traversed (the Arctic coast of Alaska) 
is as dreary and naked as I suppose can be found on earth, and 
cursed with as bitter a climate; yet it is not without scenes of 
great beauty and even sublimity, and its winter aspects have often 
an almost indescribable charm; a radiance of light, a delicate 
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luster of azure and pink, that turns jagged ice and wind-swept snow 
into marble and alabaster and crystal... . 

So writes Hudson Stuck, archdeacon of the Yukon and 

the Arctic, describing a winter journey he made along 
the Arctic coast (25, p. ix). 
_ Winter conditions may be said to last the year round 
in this province, the only seasonal differences being a 
variation in intensity. Every month may bring snow 
and freezing temperatures, and from October to May 
temperatures below zero occur. At Barrow at least a 
trace of snow is recorded in each summer month every 
year for which there is a record. Candle, the only other 
station in the province and almost 400 miles farther 
south than Barrow, is generally free of snow in June, 
July, and August; but this situation can not be depended 
upon, for one year out of five is likely to bring at least 
a trace of snow in any of these months. : 

Though snow may fall throughout the year, it does not 
reach any appreciable depth, averaging only about 30 
inches annually. Due to the very high winds, much of 
the land is blown free of snow, what little there is being 
piled in drifts in sheltered places. For protection against 
these high winds and the cold made more bitter by them, 
most of the native buildings are put partially under- 
ground. Doctor Stuck most vividly describes winter 
stormy weather on the Arctic coast such as he exper- 
ienced while staying at the little settlement of Point 
Hope, located on a sand spit jutting into the Arctic 
Ocean about 250 miles west of Barrow (25, p. 106): 

The country between these elevations (Cape Thomson and Cape 
Lisburne) seems to form a natural chute for the northeast bliz- 
zards that prevail during the winter, and lying thus at the mouth of 
the chute, the barren sand spit is swept by gales of a prolonged 
ferocity that we who knew only the forested interior of Alaska 
had no experience to match. From the lst to the 8th of January, 
1918, without, I think, a moment’s cessation, day or night, a raging 
blast prevailed from that quarter, with the thermometer at 15° to 
30° below zero F., and that was only one of many storms during 
our six or seven weeks at the place. At what rate the wind blew 
I could not guess. There had been several installations of an 
anemometer at the mission, and the interior mechanism yet re- 
mained, but the vane had been blown off every time. If the reader 
will add to these violent, persistent winds, first the driving snow 
and sand with which they are charged, then the cold that accom- 
panies them, and then the darkness, at a season when the sun does 
not rise above the horizon at all, he will understand that any con- 
tinuous travel against them is out of the question, and that even 
to be outdoors upon necessary occasions while they rage is fraught 
with discomfort and difficulty, not to say danger. Storms we have 
in the interior, in certain regions, and especially in certain reaches 
of rivers, high winds that blow for many hours in one direction, but 
nothing that I have known in 10 years of winter travel comparable 
to these awful Arctic blizzards.® ‘ 

_ But storms, wind, and low temperatures are not con- 

tinuous—cyclonic variations in weather occur and are 
welcomed even as they are welcomed in more temperate 
climates. Temperatures may rise from —40° to —10° 
and seem, by contrast, quite comfortable, especially if 
accompanied by a calm. “Thirty-seven degrees below 
zero is not a bad temperature for traveling if it be calm”’ 
(25, p. 286). : 

Calms, however, give rise to another disagreeable 
feature of Arctic winters—fog. Doctor Stuck says: 
“This whole coast is an woes i dangerous one, beset 
by fog when it is calm and lashed by gales almost when- 
ever it is clear” (25, p. 166). Before the extreme and 
dry cold of winter becomes firmly established, the air 
contains more or less moisture which causes frequent 
fogs in November and December when temperatures go 
low enough to condense the moisture. Cyclonic storms 


$ Doctor Stuck made this trip in 1917-18 which is the worst winter on record in 
Alaska (8), so that perhaps the awfulness of his picture of Arctic winter weather may 
be modified somewhat in normal years. 
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cause the same conditions even in February for Doctor 
Stuck mentions the tit occurrence during his 
February journey from Point Hope to Point Barrow (25, 
p. 203): 

A rapid fall of temperature to 30° below zero had brought the 
usual accompaniment of fog. The moisture with which the air 
had been loaded in the late snowstorm and comparative high tem- 
peratures, was now condensing and would presently be deposited 
as hoar frost, then the air would be clear. 

March and April, when the cold has relaxed somewhat, 
bring frequent fogs. Wilkins and Stefansson_ both 
experienced and made note of these spring fogs. Wilkins 
writes (42, p. 534): 

But spring conditions had already set in at Barrow. The fog 
which had hitherto cloaked ony the tundra was creeping out over 
the Arctic Seaice. * * * Hoping that we might have at least 
one clear day, we waited for a period of two weeks; but the fog 
did not lift. 

Stefansson, writing of conditions on the ice near Banks 
Island on April 10, says (23, p. 296): 

It was exceedingly cold and clouds of steam were seen rising 
here and there. These worried us a bit, for we thought they might 
be from opening leads, danger signals that the break up of our ice 


had commenced. But there was about an even chance they 


mit be rising merely because 6-inch ice is so warm from the water 
underneath that it throws off clouds of vapor if the air is at a low 
temperature. 

Climatologically speaking, ice conditions along the 
Arctic coast are of great importance because of their 
modification of the marine features of the elements of 
temperature and moisture. The effects of the ice cover 
are the same as those described for the Bering Sea coast, 
but are of longer duration. The ‘fast ice” breaks up 
perhaps only for six weeks in the summer, allowing the 
passage of ships along the coast. The United States 
revenue cutter makes a yearly trip to Barrow and trading 
vessels go along the coast as far as Herschel Island near 
the mouth of the Mackenzie. The ice begins to break 
up in May and June, starting from a ‘‘flaw”’ a mile or so 
offshore between the ‘‘fast ice” and the “pack ice” (22, 
p. 92). A t is probably the best month for water 
travel tho in some years the ice may never break 
sufficiently to let boats through. By October the ice 
cover is forming again from the shore, reaching its greatest 
extent about December, but continuing to grow in thick- 
ness the whole winter and spring up to May (12, p. 109). 
_ Summer comes quickly, brought on by the rapid change 
in length of days. Then the coast reveals itself as a 
tundra area, flower and moss covered and very marshy, 
the still frozen ground below preventing proper drainage. 
Temperatures rise until a mean of about 45° is attained 
in July and August and maximums between 70° and 80° 
are recorded at Barrow and even over 80° at Candle. 
ne winds off the Arctic ice still bring minimums below 
reezing. 

After the darkness and semidarkness of winter one 
would expect inhabitants of these northern latitudes to 
look forward with joy to the long hours of daylight in 
the summer time. That this is not strictly the case is 
brought out in the following quotation from Doctor 
Stuck (25, p. 210): 

The sun is absent in the winter for two full months—from the 
2ist of November to the 21st of January, which, of course, does 
not mean that daylight is totally absent, as some seem to think, 
but only that the sun is not seen. Conversely, in summer he does 
not leave the sky for two full months and there is daylight all 
night for almost two months more. To most residents in these 
latitudes I think the perpetual sunshine is more trying than the 
darkness, for there are always three or four hours’ daylight on 
the darkest day, but there is no escape from the glare of the sun, 
no kindly decent gloom for the hours of repose. 
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July and August bring the greatest amount of precipi- 
tation, these being the only two months of the year with 
over aninch. The delay offmaximum temperatures and 
of heaviest rainfall until July and August, several weeks 
after the highest sun, results,from the use of all the heat 
in early summer to melt andgevaporate the ice and snow 
cover, rather than to warm up the land. By September 
days are getting shorter and by October§the heat from 
the sun is easily overcome by nocturnal radiation and 
cold sets in again. The shores become icebound, pre- 
cipitation comes in the form of snow and remains, the 
people don their fur clothes once more, and prepare to 
spend most of their days in their underground homes. 

rom November till the next May no temperature above 
freezing: can be expected at Barrow, and from December 
until April even the means are well below zero. 


INTERIOR PROVINCE (COLD CONTINENTAL) 


This is the province having the greatest diurnal and 
annual temperature contrasts in all Alaska, which, with 
its summer maximum of precipitation, characterizes it as 
“continental.” ? 

Winter, with its long hours of darkness every day, 
gets very cold—colder than anything along the Arctic 
coast, where tempering marine influences make them- 
selves felt in spite of the ice sheet. Temperatures as 
low as —70° have been recorded and the winter mean 
temperatures are lower than those of the Arctic coast, 
though the maximums are higher. The lowest tempera- 
tures occur when the weather is clear, for clear skies 
foster the utmost radiation. Wind velocity in the in- 
terior does not compare with that of the lostie coast, 
the sweep of the winds being broken by the varied relief 
and the forest cover, and, indeed, even being prevented 
from reaching a valley bottom because the valleys are 
often filled with very dense, cold air; furthermore, the 
air contains little moisture; therefore the low tempera- 
tures can be supported more easily here than the some- 
what higher minimums of the Arctic coast, which are 
accompanied by strong, damp, northeast winds off the 
ice. Moreover, the variety of weather brought by 
cyclonic action does not usually allow the coldest weather 
to last for a very long time.° 

Cloudy days in the interior province in winter number 
slightly over 10 a month, being somewhat more numerous 
than on the Arctic coast but by no means so numerous as 
in the other two coast provinces. Winter precipitation 
in this province is chiefly snow, the average for the year 
being about 50 inches, 20 inches more than in the Arctic 
coast province and about that received in Massachusetts. 
Each of the months from October through March re- 
ceives about the same amount of snowfall, the average 
being 8 inches a month. 

Rapid lengthening of the days brings a quite sudden 
shift from winter to spring for the long hours of sunshine - 
exercise a thawing action even while air temperatures 
are low. As soon as the snow is melted and evaporated 
from exposed places, temperatures rise quickly, the great- 
est differences being noticeable between the means of 
March and April. Within a week flowers and green 
leaves appear on plants and trees, geese and ducks arrive, 
and other birds soon follow (22, p. 113). Then, too 
come mosquitoes—‘‘far more serious in the minds of all 
who know than winter darkness, extreme cold, or violent 
winds,’’ says Stefansson (23, p. 245). 


6 An instance of a long period of cold weather was that experienced at E in De- 
cember, 1917. The temperature never rose above —25° the mean for month 
was —46°; the lowest previous mean for the same month, in a more or less complete 
record covering 30 years, was ~23° (8). 
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Summer is a more significant season in this Province 
than in the other Alaskan Provinces for it offers a greater 
contrast to winter conditions. In the other Provinces 
the contrast between summer and winter is very mate- 
rially reduced by marine and ice influences, so much so 
along the Arctic and Bering coasts that summer can 
scarcely be said to come at all. Such conditions would 
obtain in the interior Province were it not for the smaller 
amount of snow or ice cover and the greater ease with 
which land bodies absorb heat and therefore the quite 
warm temperatures attained in the interior in the sum- 
mer are the more conspicuous. The midsummer means 
are higher than those experienced in Massachusetts in 
May and October and maximum temperatures from May 
to August may be over 80° and in July even over 90°. 

The rapid heating of the Yukon country quickly brings 
temperatures high enough for planting. The growing 
season lasts from the Ist of June until the end of August, 
allowing sufficient time for the ripening of native and 
cultivated berries, vegetables, and even some grains, 
though weather conditions are usually too precarious to 
make profitable any attempt to grow wheat. 

Summer is also the season of maximum precipitation, 
which fact is favorable for cultivation. Though this pre- 
cipitation is not high, being but little over an inch a 
month in the summer and only about. 11 inches for the 

ear, the low rate of evaporation when temperatures are 
ow makes this amount sufficient for agricultural purposes 
as well as for the growth of quite abundant forests of 
birch, willow, alder, and spruce. 

The shortening days of August and September bring 
in cold weather again, and greatest drop in mean tempera- 
tures occurring between September and October. The 
coming of the cold is hastened in the interior for there is 
no large water body to retain the warmth for a long period 
of time. Late in October the rivers are all closed for 
water travel but November finds them frozen solid enough 
to make smooth going, rapid ice travel possible (25, p. 4). 
The snow and ice covers increase the possibility of ex- 
har low temperatures and so winter again grips the 

and. 

In Alaska, as elsewhere, climate is really the basic 
element of the environment. But in polar regions more 
than in other parts of the world, the climate is so extreme 
that it demands a more perfect adjustment on the part of 
man, animals, and vegetation than a more temperate 
climate requires. In order to live at all every living 
thing must provide itself with adequate protection against 
the low temperatures, the high winds, and the scant pre- 
cipitation. Climate is in no way a passive factor which 
matters little one way or another—it is a very active, 
aramount consideration in all phases of every day 


ving. 
Thus one finds Doctor Stuck, primarily interested in 
the human affairs of his large eclidencunry: continuall 
hampered or favored in the accomplishment of his wor 
by climatic conditions. His books have references to 
the weather on practically every page and the same is 
true of most Alaskan books. Alaskan weather is not 
something that may be taken for granted, it demands 
and receives notice. 

In this section, as in Section II, the contrast between 
the Pacific coast region of Alaska and the rest of it has 
been brought out time and time again. The Pacific 
coast region has a really temperate climate resembling 
that of the northwestern coast of the United States, 
whereas all the rest of Alaska has a distinctly cold type of 
climate the year round, modified mainly by proximity to, 
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or distance from, the surrounding oceans. Thus, in a 
broad way, this paper has been concerned mainly with 
describing the extremes of a polar climate in contrast 
to the moderateness of a temperate marine climate, the 
distinctive features of each being made more prominent 
because of the sharp differences between them. 
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GULF STREAM STUDIES: GENERAL METEOROLOGICAL PROJECT 


By Cuarues Brooxs 
{Clark University, Worcester, Mass., March 15, 1930] 


THE GULF STREAM AND THE WEATHER 


It is the common impression along the Atlantic seaboard 
that the Gulf Stream has important effects on the 
weather. When the wind blows on-shore from an easter 
to southerly direction for some time, balmy air, of soft 
springlike quality, usually reaches the shores. A number 
of such occurrences in a season suggest that the Gulf 
Stream is nearer or warmer than usual. 

But there is another side to the matter. Winds are 
prevailingly offshore in the colder months, so the character 
of these aod winds will dominate the season. Winds 
from the west or northwest are generally cool and dry 
on the Atlantic slope, and the stronger they are the more 
pronounced are these characteristics. ore northerly 
winds now and then attend much snowfall. 

Now, how can the Gulf Stream have anything to do 
with these winds blowing toward it? Through storms, 
is the answer. We know that, whatever the wind direc- 
tion and velocity, they are in accordance with the partic- 
ular distribution of pressure at the time. To provide a 
maximum of westerly to northerly winds, therefore, we 
should have a frequent occurrence of low-pressure areas 


centered off the coast (1). And this will occur most 
readily when conditions most favor storms there. It is 
generally agreed that the sources of energy for oceanic 
storms are abundant heat energy latent in water vapor 
and marked contrasts in temperature. The Gulf Stream 
supplies much water vapor and its warmth is in great 
contrast to the coolness of the neighboring continent. 
Therefore, the Gulf Stream favors the very winds and 
snows that make our eastern climates cooler than the 
averages for their latitudes. 


THE GULF STREAM 


igh temperature, speed, magnitude, and location make 
the Gulf Stream the best known of all ocean currents. 
The habitability of northwestern Europe is commonly 
ascribed to the high temperatures of the Gulf Stream, 
though this current is only part of the warm flow that 
ameliorates European climate (2). The climatic impor- 
tance of the Gulf Stream and the other warm waters of the 
western Atlantic has still to be fully appreciated. It is 
generally recognized, however, that these warm seas are 
the sources of rainfall for eastern North America and the 
progenitors of storms. 
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The speed of the current, 1 to 4 knots, is a notable aid 
or hindrance to navigation, though less so nowadays than 
in the period of sailing ships. The commerce of the 
busiest ocean feels the movement, the warmth, and the 
storms of the Gulf Stream. Even aerial navigation is 
disturbed by the bumpy air over it. The clear blue 
waters of this tropical current are sharply contrasted 
with the colder green waters on its left, while the Gulf 
Weed (Sargassum) and tropical fauna, including the 
picturesque Portuguese man-of-war (Physalia spec.), add 
their touch of life. 

The breadth of the Stream and its unseen depth make 
even the mightiest rivers seem tiny. A ship steaming 
across even its narrowest section, in the Straits of Florida, 
where the Gulf Stream occupies practically the entire 
width of the Straits, loses sight of land long before the 
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becomes entangled with the Labrador Current (6). 
(See map, fig. 2.) Beyond the Grand Banks the con- 
trasts are so diminished that the current is considerably 
slower. The surface waters drift generally eastward 
before the prevailing westerly winds (7). This is the 
Gulf Stream in brief, a much talked about but still 
relatively little studied river in the sea. 

The United States Coast and Geodetic Survey, begin- 
ning in Maury’s time, has sent many expeditions to study 
the Gulf Stream, the results up to 1890 being presented by 
John E. Pillsbury in an extensive appendix (No. 10) 
to the United States Coast and Geodetic Survey report for 
1890 (8). Nor did its work stop here; its investigations 
have continued from time to time till the present, some 
of the latest ocean data having been gathered on the 
S.S. Lydonia early in 1929. The United States Bureau of 


FicuRE 1.—Profile of sea temperature between New York and Bermuda os. tA 15-20, 1930, made by sea-water thermograph on motor ship Bermuda of the Furness- 
ermuda Line 


There was a notable rise of sea temperature from 35° at New York to 53° at the north side of the cold wall, and then jum upward 8°, then 12°, to 73° as the Gulf Stream 
was entered. The really warm portion of the Gulf Stream was soon , and the Stream was left altogether about five hours after it was entered. The temperature of 
the Antilles Current between it and Bermuda ranged from 67° to 68°. On the return trip the Antilles Current was slightly cooler, the maximum temperature of the Gulf 
Stream, however, slightly higher, nearly 74°. Also, the fall at the cold wall was greater, amounting to 22°. The total fall from the warmest of the Gulf Stream to the coldest 


at New York, 32.5°, was over 41°. 


On the outbound trip there was a northwesterly to northerly gale with snow. At 2 and 4a. m. the 16th, while the thermo hh recorded 73°, the bucket observations showed 
but 59° and 65°, so great was the cooling by the cold gale. There could be no clearer demonstration of the difficulty of obtaining satisfactory sea temperature records 


with a canvas bucket in severe weather. 


The = left New York (Fairway buoy, off Ambrose Lightvessel) at 12:52 p. m., February 15th, was at 35° 49’ N., 68° 32’ W., at noon the 16th, and arrived at Bermuda 


(Mills breaker buoy) at 7:11 a. m. the 17th. 


g, it left Bermuda at 10a. m. Feb 18th, was at 37° 00’ N., 70° 07’ W., at noon February 19th, and arrived in 


New York 5:33 a.m. the 20th. The ship’s speed on this voyage was about 16 knots. The tidal ups and downs of temperature before noon on the 15th and after 9 a. m. 


the 20th are temperature changes while the ship was at dock. 


This record was obtained through the courtesy of Mr. Benjamin Parry, in oar. ofthe marine work, New York office, United States Weather Bureau. 


{Since this map was prepared, it has been learned that one of the Canadian 
way across the Equatorial Current as it enters the Caribbean Sea.— Author.] 


other shore appears. The crossing is a matter of hours, 
and the sideways drifting of the vessel in the current, a 
distance reckoned in miles, sometimes tens of miles. 
In the Straits the current extends to maximum depths of 
half a mile to a mile. 

The general flow arises from the difference in level 
between the warmed and expanded tropical waters and 
the denser colder waters of higher latitudes (3), while 
the particular concentration of the current into a fairly 
swift river 40 to 60 miles wide and half a mile to a mile or 
more deep is due largely to the trade winds and the con- 
figuration of the West Indies and eastern coast of North 
America. After leaving the confining Straits of Florida 
the Gulf Stream spreads, becoming less deep and promi- 
nently streaked with cooler bands. It maintains, how- 
ever, a “cold wall” onitsleft. (See fig.1.) The greater 
density of the much colder waters causes lower pressures 
level for level west and north of this cold wall than 


those of the warm Gulf Stream, which is clearly to be 


seen on Jacobsen’s topographic maps, for the surface, 
200, 500, and 800 meters depth (4). is pressure gradient 
and the deflective effect of the earth’s rotation continue 
to drive the waters rapidly (5), northeastward then east- 
ward to the Grand Banks, where the Gulf Stream 


ships covers the route from Bermuda to Trinidad, thus providing a temperature record all the 


Fisheries has also been prominent in Gulf Stream studies 
(9). Some recent observations have been made by P. 
Idrac on the yacht Jamaica (10). Present, knowledge of 
this great ocean current is admirably summarized from 
the P ysical oceanographic standpoint, by H. A. Marmer, 

f the United States Coast and Geodetic Survey, in a 
recent ener in the Geographical Review (11), and by 
Georg Wiist, general secretary, gesellschaft fiir Erdkunde 
Berlin (12). From a meteorological angle, general 
statements by C. F. Brooks, and H. V. Miller appeared 
last year in the Bulletin of the American Meteorological 
Society (13), and by C. F. Brooks in the Monrusty 
Weatuer Review in 1918 (14). All these papers contain 
references to earlier ones. 


THE GENERAL METEOROLOGICAL PROJECT FOR 
INVESTIGATING THE GULF STREAM 


In the paper on “Ocean Temperatures in Long-Range 
Forecasting” (14), 11 years ago, the writer indicated: 
(1) How the Gulf Stream as a warm body of water 
favored precipitation, storminess, and low pressure, 
thereby constituting an important factor in the climate 
of our eastern seaboard—in winter, for example, favoring 
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FIGURE 2.—The Gulf Stream (after Pillsbury (7), Smith (5), and United States Hydrographic Office, North Atlantie Pilot Chart, March, 1924, and steamship lines on 
which one or more sea-water thermographs are regularly crossing it): (1) French training ship Jacques Cartier, Le Havre to Gulf ports, with the first sea-water ther- 
mograph regularly crossing the Gulf Stream; (2) the Porto Rican Line steamship Coamo, instrument purchased by United States Weather Bureau (1926); (3) the 
Panama Pacific Line steamships California, Virginia, and (later) Pennsylvania, instruments purcheeee by Clark University (1926), the American Meteorological 


Society (1930) and (later) the Panama Pacific Line (1930); (4) on steamships Canadian Forester an 


Canadian Fisher, Montreal or Halifax to British Honduras, instruments 


ur by Canadian Meteorological Service (1927); (5) the Furness-Bermuda Line motorship Bermuda, thermograph purehased by the Furness-Bermude Line (1928); 
6) Peninsular and Occidental steamship Henry M. Flagler, between Key West and Habana, instrument purchased by the American Meteorological Society (1928). 
he Munson Line (7) is purchasing a sea-water thermograph for steamship Munargo, on the route New York-Nassau-Habana-Miami-New York. The International 
Ice Patrol (8), operating from Boston and Halifax to the Grand Banks during the iceberg season, February or March to July, installed sea-water thermographs on its 
two gins, the Mojave and the Modoc, in 1927. That on the Modoc, however, was transferred to the Marion, in 1928, and later was destroyed by fire. The instrument 


on the 


ojave is being removed temporarily for repairs. All these instruments are under the general charge of the French, Canadian, or United States Governments, 


the seven out of New York being under the care of Mr. Benjamin Parry, marine official, New York office, United States Weather Bureau. The records from the 
Canadian ships go to Dr. A. G.-Huntsman, of Toronto University; those from the Panama Pacific liners and the Peninsular and Occidental Line to the writer; and the 
rest to toe. Volted States Weather Bureau, Washington. Photostat copies of thermograms from the Jacques Cartier are filed in the Hydrographic Office, U. 8, Navy, 
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colder and wetter weather than if the waters were not 
so warm; (2) how variations in Gulf Stream temperatures 
from year to Pet even though amounting to no more 
than 2° or 3° F. on either side of the normal, are probably 
in part responsible for considerable seasonal variations 
in the character of our eastern seasons, and (3) how 
pay movements of temperature departures in the 
Gulf Stream it should be possible to anticipate some of 
our seasonal weather abnormalities. 

The then available data on Gulf Stream temperatures, 
obtained by inserting thermometers in pion 9 of sea 
water drawn up from the surface in a small canvas bucket, 
proved to have inaccuracies considerably greater than the 
variations to be studied. An average error of 5° F. was 
found in the bucket data obtained on a number of steam- 
ships crossing the Gulf Stream in the open Atlantic in win- 
ter (15): The Gulf Stream is warmer than our past records 
have given it credit for being. The inaccuracies of the old 
method led to the now considerable installation of sea-water 
thermographs, which give both accurate and continuous 
records on several lines across the Gulf Stream. (Fig. 2.) 


The surface temperature of the Gulf Stream averages 
80° F. in the Straits of Florida, ranging from 73 to 77 in 
February or March to 85 or 86 in August in the left and 
right portions of the Stream at the western entrance to 
the Straits. a the thermograph data for other 
portions of the Gulf Stream have not yet been reduced, 
an inspection of the records indicates that the tempera- 
tures of the Gulf Stream fall but slowly downstream to 
the northeast. This is owing to the speed of the stream 
and to the great mass of water involved, even though 
such a high temperature does not extend far below the 
surface. Pillsbury (8) and others (12) have estimated 
that the flow of water is about 90 billion tons an hour, 
roughly half of which is the warm upper 200 meters. 
Southeast of New York the Gulf Stream does not fall 
below 70° in its warmest portion at any time of the year, 
while in summer its temperature exceeds 80°. Near the 
Grand Banks the temperatures are 5° to 10° lower, though 
still so much above the coldness of the Labrador Current 
that a contrast of 22° F. has been observed between stem 
and stern of an ice patrol ship lying across the boundary 
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between the Gulf Stream and Labrador Current there 
(16). 

The investigation of the part played by the Gulf Stream 
in the climate of the eastern United States, what effects, 
if any, its variations have on the seasonal character of 
the weather, and whether such effects can be anticipated 
owing to the progressive movement of temperature 
departures in the Gulf Stream, may well begin with the 
surface temperatures of the Gulf Stream in the Straits of 
Florida. The varying strength of the current there should 
then be determined, in order to obtain from the volume 
of water and the temperature an approximation to the 
thermal cargo of the Gulf Stream at its source. The in- 
vestigation should next take up the temperatures of the 
surface waters of the Gulf of Miiis and Caribbean Sea, 
and those of the Gulf Stream and other surface waters in 
the western Atlantic from the Grand Banks southward. 
Aside from preliminary general studies of the effect of 
the Gulf Stream or parts of the Atlantic Ocean on the 
condition of the overlying air and the climate of neigh- 
boring lands, an investigation of the part that Gulf Stream 
variations may take in seasonal weather must necessarily 
await the growth and adequate summarization of a 
reliable body of sea surface temperature data. How- 
ever, even a few years of thermograph data may, as a 
basis for judging the accuracy of the bucket samplings, 
make possible the use of the bucket data for scientific 
purposes. Since these data extend nearly a century 
into the past, no effort should be spared to determine 
their limits of reliability for different parts of the ocean 
through the several seasons. 

It appears, therefore, that a series of papers, such as 
the following nine, should be prepared to cover this general 
project: 

I. Gulf Stream daily thermograms across the Straits 
of Florida. 

II. Weekly succession of temperatures in the Straits 
of Florida, from thermograms, 1928-1930. 

III. Thermal cargoes of the Gulf Stream through the 
Straits of Florida. 

IV. Gulf Stream surface temperatures across the 
Straits of Florida—car-ferry series, 1917-1921 and 1928- 
1930. 

V. Methods of mapping and summarizing ocean sur- 
face temperature data, with special reference to the 
Straits of Florida. 

VI. Gulf Stream, West Indian, and other south- 
western North Atlantic sea surface temperatures from 
the earliest records to the present time. 

VII. Flooding rains in the eastern United States and 
their relation to evaporation from the Caribbean Sea, 
Gulf of Mexico, Gulf Stream, and tropical North Atlantic, 
as indicated by their surface temperatures. 

VIII. The Gulf Stream during and prior to certain 
abnormal seasons in the eastern United States. 

IX. Can the known or anticipated thermal cargoes of 
the Gulf Stream be used in forecasting the weather of a 
fortnight, month, season, or year in the eastern United 
States? 

_ The first two papers in this list will appear in early 
issues of this Review. Numbers III, IV, and V have 
been given considerable study by the writer, and should 
appear within two or three years. . Paper VI will repre- 
sent a major job of compiling; it is now in progress for 
the region south of latitude 30° as a by-product of the 
revision of the West Indian portion of the North Atlantic 
Pilot Charts by the United States Weather Bureau. 


The relation of flooding rains in the eastern United States 
to the surface temperatures of the tropical waters on the 


south and southeast (VII) is an entieing subject, a sam- 
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pling of which by the writer is suggestive of interesting 
results. Papers vi and IX, the capstones of the in- 
vestigation, can not be prepared till the sea temperature 
compilations are done. 

Geriouly, the writer claims no monopoly on this 
subject. And he acknowledges his especial debt to the 
United States Weather Bureau for much of the progress 
already made. The chief, Prof. C. F. Marvin, has ve 
cordially cooperated in many ways, and Mr. F. G. 
Tingley, in charge of the Marine Division, has been prac- 
tically a partner in the investigation. There is enough 
in this general question of the effect of the Gulf Stream 
on the seasonal weather of the eastern United States to 
engage a number of capable investigators and assistants 
for several years. The rate of progress will depend on 
how many people become interested. 
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FOG IN THE OHIO VALLEY ' 


By W. C. 
[U. 8. Weather Bureau, Cincinnati, Ohio} 


When it became necessary for the city of Cincinnati to 
decide on the location for a new municipal airport, it 
became more evident than ever that the fog data for the 
region along the Ohio River were not as full and complete 
‘as needed. It was generally known that fog occurred 
more frequently along the river than on the hilltops, but 
the exact excess. and the conditions under which the 
river fogs formed were not known. 

Before the day of the airplane the information was 
needed for river transportation and other purposes, but 
the river boat can tie up while the fog prevails, while the 
plane can not tie up to a cloud. 

There are a large number of river stations in the Ohio 
Valley and at most of them fairly complete weather as 
well as river reports are maintained. Fifty of these river 
stations are at the locks and dams on the Ohio River, 
where Federal employees are on duty at all times. 
Through the cooperation of the United States engineers, 
arrangements were made to keep a record of the time of 
beginning and ending of all dense fogs at the river stations. 
The time of the fogs as well as the time of precipitation is 
telegraphed or telephoned to the Cincinnati station from 
the river stations. 

The stations at and in the immediate vicinity of Cin- 
cinnati are favorably located to make a study of fogs at 
various elevations. The older office of the Weather 
Bureau in the downtown section of the city is still main- 
tained as a point of observation. This is located a few 
blocks from the river, the elevation is about 100 feet 
above the river bank, and the site is practically sur- 
rounded by hills from 200 to 300 feet higher. The Abbe 
Meteorological Observatory is on the hilltop, about 4 
miles from the river and near the center of the city. 
The lock and dam known as Fernbank is on the bank of 
the river about 10 miles below the Federal Building, but 
within the city limits, while Dam No. 36 is about an 
equal distance upstream from the Federal Building. All 
the other river stations are on the banks of the river, but 
some are located in open country, while others are par- 
tially surrounded by hills of various slopes and heights. 

At the principal station of the Weather Bureau in 
Cincinnati dense fog has been recorded 461 times in the 
last 37 years or on an average of 12 days per year. Of 
these fogs, 92 or 25 per cent have occured in October, 
about 15 per cent during each of the months from sem 
tember to February, inclusive, and only a few during t 
summer months. Most of these fogs might be called 
gener fogs to distinguish them from river or valley 


ogs. 

Wu a year’s record of the fogs at the river stations it 
is indicated that the valley fog will occur on 15 to 20 
days during the year in addition to the days with general 
fog. However, occasionally the general fo o not 
settle into the valleys, but rest only on the higher ground. 
The valley fog occurs more frequently during the summer 
than the winter months, just the reverse of the general 


ogs. 

The true valley fog forms from one to three hours after 
midnight and burns up an hour or two after sunrise. 
~ The weather, of course, is usually clear above the fog. 
The fog usually forms near to or just to the south of 
the center of an area of high pressure. Rain falls within 
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the previous 12 hours over the region just south of the 
Ohio Valley. The gentle flow of the cool air from the 
north mixes with the comparatively warm humid air in 
the valleys along the northern edge of the rain area. 
The gradient must be gentle and the wind light or the 
fog will not form. Under the most favorable conditions 
fog will form along the entire length of the Ohio River, 
nearly 1,000 miles, and also in the valleys of the tribu- 
taries across Kentucky and West Virginia. 

The valley fog will also form in the Ohio Valley, but 
over limited areas, along the wind shift line of a shallow 
trough of low pressure extending from the Great Lakes 
southwestward. This occurs only when the overflow 
of the cool northwest wind is not sufficiently strong to 
produce general precipitation. 

A shallow area of low pressure moving in from the 
west with a strong high to the north or northeast will 
form fog on the northeast or east side of the center of 
lowest pressure, but this is a general fog and frequently 
will not form in the valleys. A slight circulation of the 
wind within an area of high pressure may produce fog 
on the hilltops, but not m the valleys. Such a case 
occurred between Cincinnati and Louisville the evening 
of December 9, 1929. When the mail pilot left Louisville 
the ceiling was 600 feet, and at the airport at Cincinnati 
and the two river stations between the ceiling was 400 
to 500 feet, but a slight circulation of wind over the region 
caused such a dense fog or low cloud over the hills in 
Kentucky near Cincinnati that the pilot had to return 
to Louisville. 

From the hilltops at Cincinnati one can look across a 
sea of fog in the valley, and other hills 5 miles or more 
away are plainly visible. As the wind begins to increase 
in velocity the fog is packed against the side of the hills 
and into the pockets, refusing at first to rise over the 
hills; when the wind becomes sufficiently strong the fog 
streams over the hills as pn rivers, always following 
fairly well-defined channels. In a distance of 2 miles 
from the Abbe Observatory toward the business section 
of the city and the Ohio ‘River and along a fairly level 
street one will occasionally pass through three streams 
of very dense fog about one third mile broad. ‘These 
rivers of fog follow quite definite courses. 

Fogs are the greatest obstacle that the airplane has to 
overcome in the Ohio Valley. The valley fog interferes 
with the landing of the plane, but is not a serious obstacle 
to the take-off. The mail plane due at Louisville at 
5 a. m. from Cleveland frequently has to wait at Cin- 
cinnati or elsewhere for the fog to disappear at Louisville, 
but the Chicago plane from Cincinnati leaves the local 

irport in a valley fog if other conditions are favorable. 

ogs can be forecast about the same as any other 
weather phase if information about the same is collected 
by telegraph. With our present method of reporting 
daauivatinda, fog is reported only when it occurs at the 
Weather Bureau station and at the time of observation. 
We have had reports of dense fogs at as many as 20 
stations in the Ohio Valley when the Washington weather 
map did not show a single fog and only meager informa- 
tion was sent to the airway control stations at Chicago 
and Cleveland. The two latter stations make flight 
forecasts for planes going into and out of the Ohio Valley, 
and the district forecaster at Washington makes a 
flying weather forecast for zone 5, the Ohio Valley. 
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AN UNUSUAL SNOWSTORM IN TEXAS 


By Epwin J. Foscun 


A few days before Christmas, 1929, Texas was visited 
by a snowstorm of unusual severity, which paralyzed 
traffic in the central portion of the State. The quan- 
tity of snow that fell at certain places was much higher 
than the average for a region that far south (26 inches at 
Hillsboro in central Texas), and this factor made the 
storm one of unusual interest. Texas has a north and 
south extension of about 800 miles. In the “‘ Panhandle” 
region heavy snows are quite common every winter, while 
along the Gulf coast Sod in the lower Rio Grande Valley 
area snow is practically unknown, and even in central 
Texas snows are rare. In this storm northeast Texas 
had no snow; even the extreme northern part of the 
“Panhandle” was without snow or with only a trace, 
while central and south Texas had very heavy snows. 

Because of the unusual distribution of the snowfall 
during this storm as reported by the newspapers of the 


Niet 4 IDENTIFICATION MAP 


PATH OF SNOWSTORM 
~ 
* COOPERATIVE STATIONS . 
REPORTING ON SNOWSTORM 
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State, the writer became interested in determining the 
true state of conditions which might bring about such a 
freakish storm. Questionnaires were mailed out to the 
cooperative weather observers of the State, some 240 in 
number, asking for (1) minimum temperature, (2) rain- 
fall in inches, (3) snowfall in inches, and (4) wind direc- 
tions, for each of the four days of the storm from Decem- 
ber 19 to December 22, together with total snowfall for 
the four days. Out of the 240 questionnaires mailed out, 
180 were returned, and 171 of these had complete enough 
data as to be of value. Minimum temperature and snow- 
fall were reported on almost completely; rainfall and 
wind directions less accurately. The data obtained from 
these questionnaires are shown in Table 1. (For 5 or 6 
anaes stations in each of the 7 sections into 
which the State isdivided by the climatological service 
at Houston, Tex.). The distribution of the stations is 
shown in Figure 1, together with the path of the center 
of the storm during its four-day trip across the State, 


PRESSURE 


Pressure conditions over the United States for the 
four days of December 18, 19, 20, and 21, as shown on 
Figure 2 (reproduced from Government weather maps 
published in Washington on those dates), show a definite 
mixing of low and high pressure phenomena over Texas 
which caused the heavy precipitation in the form o 
snow. On December 18 the high-pressure area of Mon- 
tana (31 inches in the center) Rad a pronounced south- 
ward extending tongue which reached below the Rio 
Grande. On that same date an intense low-pressure 
area (29.6 inches in the center) dominated the Gulf 
Coast States, bringing in large quantities of warm moist 
air from the Gulf of Mexico. This tongue of cold, dry 
air accompanying the uicuH slipped into west Texas from 
the north and then turned eastward, moving over to the 
Atlantic coast. On December 20 and 21 the nieH occu- 

ied the place that was occupied by the Low on the 18th. 

he moisture was already there, ready for a wind cool 
enough to cause condensation. The wind accompanying- 
the HIGH was not only cool enough to cause condensa- 
tion, but actually cool enough to cause the moisture to 
be frozen and to be precipitated in the form of snow. 
While heavy snows sometimes occur in the south, due to 
the mixing of cold air with the warm, moist air from the 
Gulf, from 4 to 8 inches is usually a very heavy fall for a 
24-hour period.! Actual Government records for Hills- 
ere Tex., report a 26-inch fall for a period of less than 
48 hours. 


TEMPERATURE 


The isothermal maps of Texas for the four days of the 
storm (fig. 3) show a general progression of the subzero 
area along the line of the center of greatest snowfall for 
the western part of the State. On the 19th the subzero 
area was in the northwest part of the ‘‘ Panhandle,” with 
the isotherms of 10° and 20° extending far to the south. 
On the 20th the isothermal lines remained about the same. 
On the 21st two very cold centers developed in the central 
part of the State, with a minimum of 4° below zero at the 
resort town of Kerrville, southwest of Austin. The other 
cold area had its center west of Hillsboro, but there the 
temperatures did not reach the zero point. On the fourth 
day of the storm, December 22, temperature conditions 
were modified a bit, although extremely cold weather 
still prevailed in all parts of the State. The pressure by 
the 4th day was quite high, and cold, clear weather domi- 
nated all but the eastern part of the State. Subfreezing 
temperatures were recorded in every town of the lower 
Rio Grande Valley with the exception of Point Isabel. 
(See Table I for minimum temperatures.) 


DAILY SNOWFALL 


In order to plot the movement and progress of the 
storm, mers fe were made to show the region of snowfall at 
the end of a 24-hour period for each of the four days. 
These maps do not show the snow that had accumulated 
from the day before, but merely map those areas having 
snowfall during that 24-hour period. The first day, 
December 19 (fig. 4), showed snowfall only in the central 
“Panhandle” area, with a maximum fall of 4 inches 


| Ward: The climates of the United States, page 250. 
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PRESSURE AREAS OVER THE UNITED STATES 
DURING SNOW STORM IN TEXAS 
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F1GURE 2.—Pressure distribution associated with the storm 


around Childress. Most of this region had less than 
2 inches of snow. On the second day (fig. 4) the snow- 
storm divided, a small part of it going to the southwest 
into the trans-Pecos country, giving a heavy snowfall in 
El Paso of over 5 inches. Most of the storm moved 
toward the southeast, giving a snowfall of more than 
5 inches along the eastern front of the Balconese escarp- 
ment. The third day of the storm, December 21, gave 
the maximum snowfall for a 24-hour period. ig. 4.) 
Most of this snow fell along a line extending from Mason 
in the Edwards Plateau country, to Trinidad in East 
Texas, with the heavy spots around Mason and Hillsboro. 
On that day light snows fell as far south as the Gulf coast, 
bringing more than 2 inches to Houston and Beaumont. 


On the following day the snowstorm moved to the north- 
east. (Fig. 4.) East Texas received a heavy fall, with 
the maximum at Jefferson in northeast Texas, of nearly 
20 inches. 


TOTAL SNOWFALL 


The composite map (fig. 5) of total snowfall for the 
four days of the snowstorm shows several pronounced 
features: (1) A widespread distribution of snow over 
most of the State; (2) a very heavy concentration along 
a line running from southwest to northeast through the 
center of the State; (3) steep gradients between near-by 
places, such as 26 inches in Hillsboro in contrast to 0.1 
inch at Dallas, 70 miles northeast of Hillsboro; and (4) a 
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Figure 3,—Isotherms (F.) on the four days, December 19-22, 1929 
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SNOWFALL IN TEXAS 


DECEMBER 19, 1929 
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FiGureE 4.—Depth of snowfall on each of the four days, December 19-22, 
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lack of snow in north Texas, where it is normally heavier 
than in other parts of the State. 


TaBie 1.—Temperature and precipitation data during 
snowstorm, December 19-22, 1929—Continued 


SECTION B.—NORTHEASTERN TEXAS 


DEPTHS 4 28 19 | 0.0} 00} 
Fort Worth... 15 20; T. | T. |. 00 
o" TO 5 SENS | 10 12} 21 18; 0.0) 60} 00; 00 
to" To 1s" | SESS SESS SECTION C.—WESTERN TEXAS 
>. SS © ey, ele 
SS 
SS SECTION D.—CENTRAL TEXAS 
SSS 
8} 8 0; Oo} T. | 16.0!) 8&0 
SSA SSE 19}- 19| 22| 22) 00} 00 | 7.5) 00 
SESS Ss . .... 16) 2 13/ 0.0) 24 | 56) 00 
Willsboro. 15| 15| 25 0.0} 0.0 | 10.0 
TOTAL SNOWFALL [s SECTION E.—EASTERN TEXAS : 
IN TEXAS FOR FOUR a — 
DAYS OF SNOWSTORM | 2! o0| a0 0.0 
> 15 16 24 22; 06.0! 0.0 12.0 
DECEMBER 19-22, 1929 Nacogdoches... 15} 17) 2] a0 12.0 
12} 16, 24 00) ao 7.0 
FicuRE 5.—Depth of snowfall on the four days, December 19-22, 1929 SECTION F.-SOUTHWESTERN TEXAS 
TaBLE 1.—Temperature and precipitation data during period of 
snowstorm, December 19-22, 1929 21 23} 17] 00| 10 0.0 
‘ Rio 34| 36] 2%] 00 0.0 
SECTION A.-NORTHWESTERN TEXAS San 23 00] 10 0.0 
Minimum temperature (°F.) Snowfall in inches SECTION G.—TEXAS COAST 
Station 
9 | 2 | 2 | | | 4} 27| 00) 00; 20] 00 
39] 32) 2] o6| T. | 
Corpus Christi 30/ 36) 31; | T. | 00 
10] 12] 16/00] Galveston. 30] 30| 00) T. | T. 
18 ll 21 28 0.0; 40 0.0 0.0 20 24 24 0.0); 0.0 2.5 0.0 
_ —2| -4| -2 Point 35| 41| 34| 32} 00] 0&0 | OO] 00 
Wichita 12] 18} .1 | OO Port 27| T. 1.2| T. 


1930 


4 
As 
yer 
= 
% 
a - 
- 
‘ 
> 
> 


Maro, 1980 


MONTHLY WEATHER REVIEW 113 


‘THE MEASURE OF DROUGHTINESS 


By 8. Maxrcovitcu 
{Tennessee Agricultural Experiment Station] 


The Mexican bean beetle is undoubtedly affected by 
droughty periods, and the question arises how to measure 
the intensity of a drought, The simplest method is to 
record the amount of rainfall. This method is unreliable 
because of the large run-off that often takes place. The 


southeastern United States, comprisin orida, the 
southern half of Alabama, Georgia, and South Carolina, 


with a high ratio of rainfall to evaporation, is neverthe- 
less subject to frequent droughts. The measure of pre- 
cipitation in this area does not give an adequate idea of 
the environment. The rainfall comes in_ torrential 
storms which dissipate their water in surface run-off. 
As high as 80 pe cent of a 2.5-inch rainfall falling in four 
hours may be lost by run-off. (Chilcott, 1911.) Colum- 
bia, S. C., with 47.55 inches of annual rainfall, may 
have 62 een ong periods in nine years, whereas Ames, 
Iowa, with only 30.4 inches of rainfall, may have but 23 
drought periods. (Williams, 1911.) Thus the degree of 
temperature and the amount of rainfall required to 
produce a particular value of relative humidity will differ 
in the northern United States as contrasted with the 
southern. 

Kincer (1919) maps those areas showing 30 consecutive 
days or more without 0.25 inch of rainfall in 24 hours. 
These records point out that the central Appalachian 
district, including eastern Tennessee, is least subject to 
droughts, which occur but one year in three. The Plains 
sections are the most subject to droughts. Munger 
(1916) suggests that the intensity of a drought is most 
important and increases in a geometric relation to the 
length of the dry period. The single variable used is 
the length of the period without a 24-hour rainfall of 
0.05 inch. The following formula is used viz: 


Severity of x length of the 
ught 


Such a formula may approximate the actual conditions 
of the Pacific slope. East of the Rocky Mountains the 
summer rainfall is more abundant. The high tempera- 
tures that frequently prevail, however, also greatly lower 
the humidity of the air. The two factors are closely 
interdependent. In order to incorporate both temper- 
ature and rainfall, the following drought index appears 
to be a measure of the conditions during a droughty 
period in harmony with the climatic requirements of the 
bean beetle in the eastern United States. 


Where L=the total number of two or more consecutive 
days above 90° F. for the months of June, July, August, 


and September, and R= the total summer rainfall for the 


same months. With this formula, the intensity of a 
drought is made to increase as the square of its duration, 
and includes both factors of temperature and precipita- 
tion. 100 is used in place of 1 in order to avoid decimals. 
A drought varies directly as the temperature, and inversly 
as the precipitation. 

Localities with an index of 2,000 or less appear favor- 
able for the bean beetle, while those above 10,000 appear 
too hot and dry and represent unfavorable conditions. 
In the following table the drought index numbers have 


been figured from records for three years, and are not as 
accurate had a larger number of years been used. 

In a more detailed report to be published elsewhere the 
future distribution of the bean beetle is mapped by the 
aid of these index numbers. 

2 
1.—Climatic index numbers using the formula Lx 


where L=the successive number of days above 90° F. and R=the 
summer rainfall 


L |Summer| 100 100\? | Index 

Locality | ‘rainfall { R number 
Bimingham, Ala.._..........-...- 164 16.5 6.0 36.0 5, 904 
Montgomery, Ala_........-.....-. 244 16.0 6. 25 39.0 9, 516 
Centerville, Ala_.........-...-.-.- 309 23.0 4.37 19.1 5, 871 
3, 533 }1 90.0 | 8,100.0 | 2,861,730 
ttle Rock, Ark.............-..-- 173 | 15.0 6.66 | | 44.35) 7612 
160 14. 58 6. 85 46. 92 7, 504 
San Francisco, 1 -5 200.0 (40,000.0 40, 000 
eae eee ll 6.5 15. 38 237.1 2, 607 
64 5.7 17. 54 306. 2 19, 584 
Jacksonville, Fla..............-.-- 96 26.0 3. 84 14.74 1, 421 
292 32.77 3.05 9.3 2,715 
DE eae as 632 29.0 8. 44 11. 83 6, 457 
33 16.3 6. 13 87. 57 1, 237 
Thomasville, Ga. 168 21.9 4, 56 20.79 3, 404 
35 13.4 7. 46 55. 65 1, 946 
imeennes, Ind___.........-.....-- 205 16.5 6.45 41.60 8, 528 
Des Moines, Ilowa...........-...-- 33 15.5 6.45 41. 60 1,372 
96 17.7 5. 64 31. 80 3, 052 
Tribune, Kans 132 8.6 11. 62 134.5 16, 758 
Baton Rouge, La_.......--......-- 190 23.0 4.34 18, 83 3, 572 
New Orleans, La_.....-.....-..--- | 211 23.09 4. 33 18. 74 8, 945 
Shreveport, La. a 521 12. 76 7. 87 61, 93 31, 749 
1 16.7 5. 98 35. 76 36 
tle Creek, Mich.............-. 19 13.4 7. 46 55. 65 1, 056 
10 14.7 6. 80 46. 24 460 
Jackson, Miss. 416 15.7 6. 37 40. 57 16, 848 
Columbia, Mo. 56 13.8 7. 24 52.41 2, 934 
Helena, Mont. aN 4 4.9 20. 4 416.1 1, 664 
Glasgow, Mont.........-. ---... 30 5.4 18.5 342. 2 10, 260 
orth Platte, Nebr_._---_._------ 45 992; 100 | 1000 4, 500 
Bigmarok, N. 13 8.9 1L. 23 125.4 1, 625 
Agricultural College, N. Mex...-- 862 5.3 18. 86 353. 4 304, 286 
Columbus, Ohio-...........--...- 18 127 7. 87 61. 93 1,114 
106 14.7 6. 80 46. 24 “4, 876 
Oklahoma City, Okla......._....- 500 12.6 7. 98 62. 88 31, 400 
Muskogee, Okla.......-.-.---.-... 160 13. 06 7.7 59. 29 9, 488 
10 4.9 20.40) 416.1 4, 160 
State College, Pa... 7 15.0 6. 66 4.3 310 
Columbia, 8. C 88 17.9 5. 58 31. 13 2, 728 
Charleston, 8. C_.....-.--....-.-- 34 17.7 5. 64 31.80 1,079 
49 9.2 10. 86 116.6 5, 684 
RRR 1 18. 23 5. 49 30. 14 30. 
2 15. 2 6. 57 43. 16 1, 218 
Knoxville, Tenn, (1925) ........... 197 7. 35 13. 6 184. 9 36, 425 
ville, T RAR ctietshelsbAe cata 50 15. 01 6. 66 44. 35 2, 217 
223 14.4 6.94 48. 16 10, 927 
Wildersville, Term .._.........--.. 164 15.0 6. 66 44. 35 7, 265 
Trenton, Tenn ___.........-.--...- 326 13.6 7. 85 5A. 02 17, 604 
Savannah, Tenn.................- 470 13.5 7.40 54. 76 25, 709 
Perryville, Tenn 342 13.5 7.40 54.76 18, 810 
1,512 10.6 9. 43 88. 92 134, 416 
Galveston, Tex__.......... ol 32 19. 15 5.23 27. 35 873 
St ce: res 953 2, 89 34.60 | 1,197.0 | 1, 140,741 
aaa 500 2. 87 34. 84 | 1,211.0 605, 500 
VO. 66 15.3 6. 53 42. 64 2, 811 
Diamond Sp 16; 2.7 422] 17.80 284 
Fort Laramie, Wyo_........ ..---- 71 4.9 20.4 416.1 28, 536 
5 4.7 21.3 453. 6 2, 268 


LITERATURE CITED 


E. C. 

1911. Some Misconceptions Concerning Dry Farming. 

Yearbook. U.S. Dept. Agr. Pp. 247—256. 
Kincer, J. B. 

1919. The Seasonal Distribution of oy gy and its 
apocmeney ond Intensity in the United States. Monthly 
Weather Review, 47: 624-631. 

Moneer, T. T. 

1916. Graphic Method of Representing and Comparing 

Intensities. Monthly Weather Review, 
M. B. 

1911. Possibilities and Need of Irrigation in 

the Humid Region. Yearbook. U. 8. Dept. Agr. 4 


| 
. = 
; 
) 
_ 
wae 


114 


MONTHLY WEATHER REVIEW 


Marca, 1930 


DISCUSSION OF A. STREIFF’S “THE PRACTICAL IMPORTANCE OF CLIMATIC 
CYCLES IN ENGINEERING” ! 


By J. W. Suman, M. Am. Soc. C. E. 


I should like to comment briefly on the work done by 
Mr. Streiff, as evidenced by his contributions to this 
Review. In July, 1926, Streiff came forward with a 
complicated mathematical exposition of curve “‘smooth- 
ing,” leading to a new method of separating the component 
elements of a rainfall or run-off graph. This article also 
pointed out a correlation between Wolf numbers, run-off, 
and lake levels, and ended with one example of treating 
river run-off data. Various cycles were derived from the 
river run-off graph, including Briickner cycle, 11-year 
cycle, and cycles of 3 years, 1.63 years, 12 months, 6 
months, and a variable cycle of 2 to 5 months. Some 
months later an article appeared in the Review, written 
by a well-known engineer, attacking this concept of 
Streiff’s, of cycles in rainfall and run-off data, and 
claimed, in substance, that there was nothing to the idea, 
that there were no cycles in rainfall data, and that it was 
extremely improbable that run-off could be predicted by 
any such means. 

Streiff ’s second article appeared in the March, 1928, 
number of the Rrevigw, entitled ‘‘Notes on Estimating 
Run-off.” This article followed up his first study, in a 
practical manner, and gave a concrete example of appli- 
cation of his ‘‘Strato”’ Analysis to the Manistee River in 
Michigan. This time, however, Streiff has shortened his 
procedure by combining the 11-year, 3-year, and 1.63- 
year cycles all into one residual, called residual ‘“‘e.” 
(Please note one typographical error in March, 1928, 
article—the residual ‘‘c”’ in second line of seventh para- 
graph from top of first column, page 99, should be, 
residual ‘‘e.””) This article put the matter in such shape 
that it could be easily followed by anyone interested who 
desired to investigate for himself. 

Streiff’s third article appeared in October, 1929, and 

shows in considerable detail just why these faint cycles 
in our weather elements are useless for day-to-day 
weather forecasting, but are invaluable aid, in hydro- 
logical studies, coming a new expression ‘Climatic 
. give the above brief sketch to point out the fact that 
it is now nearly four years since the initial appearance of 
Streiff’s cycle ideas, and yet seemingly few hydrologists 
have made due investigation of the subject. It is true 
that there are selected groups here and there who are 
studying into these modern methods, but the rank and 
file are still plodding along, using the old reliable accepted 
theory of hala for occurrence of run-off and floods. 

I wish to commend Mr. Streiff for his ability and mental 
powers, the results of which are now given to the profes- 
sion at large. Streiff’s first article made a great impres- 
sion on the writer. Since then his methods of analysis 
have been sufficiently studied to use them with confidence. 
Until one is willing to actually go through with one of 
these analyses step by step and see the cycles emerge 
from the raw data only a faint conception can be had of 
what really can be accomplished. 

There appears to be some skepticism of the Briickner 
cycle being in truth the double sun-spot cycle that 

though the same cycle can be derived from rainfall and 
run-off data, it may not necessarily have any relation to 
the sun-spot cycle. Further testing and trials with 
various rainfall and run-off data will doubtlessly settle all 
such differences of opinion as time goes on. Personally, 


1 Monthly Weather Review, Oct., 1929, vol. 57: 405-411, 


the writer has investigated at least three rainfall stations 
in every State in the Union and in a great many in 
Europe and has found the Briickner cycle, as pointed out 
by Streiff in every such station. It is true the amplitude 
of the cycle is sometimes very slight. But in this case 
it can be magnified by proper multiplication, with a large 
constant, to bring its swings into visibility. This double 
sun-spot cycle derived from the Wolf numbers, then, 
furnishes us with a pattern curve, with which comparison 
can be made by similar curves derived from rainfall and 
run-off data. 

The writer can also testify as to use this analysis can 
be put to in considering lake levels. In March, 1928, the 
writer made a “Strato” analysis of the levels of Lake 
Ontario, taking the monthly mean levels as listed by the 
district engineer’s office at Detroit. The mean level for 
the year 1927, was 245.55; and a letter was sent to 
Mr. Alfred J. Henry, editor of the Montauy WEATHER 
Review, early in April, 1928, predicting that the mean 
level for the year 1928 would be 245.90. The level for the 
year actually turned out to be 246.20. In a letter 
written in April, 1928, to Lieut. Col. George B. Pillsbury, 
then district engineer at Detroit, the statement was made: 
“In addition to predicting the 1928 mean level of Lake 
Ontario, I also venture to state that the 1929 mean level 
— at least equal to the 1928 mean level, if not actually 

er. 

n view of the writer’s own experience, then, he urges 
hydrologists to study these articles in good faith and to 
— the subject until a working insight is gained. 

ith the acceptance of these principles, we are now pro- 
vided with means of forecasting a year ahead of time a 
river run-off, water supply, etc. The next great ste 
is to study the monthly peaks of rainfall and run-off. 
When we can foretell their occurrrence as well as we can 
the total run-off for the year we shall then have the ques- 
tion of floods solved. I may point out some of the 
difficulties that stand in the way of our understanding of 
the subject. 

The peaks of rainfall or run-off occur 2, 3, 4, or 5 
months apart, when isolated out of the original graph, 
and constitute the ‘“‘Clough” cycle—a variable cycle of 
a mean value of some 28 months. It may be accepted 
that this cycle is due purely to fortuitous storms, and 
hence can not be further understood, or that it may 
follow in sequence some ‘‘cause’’ of approximate perio- 
dicity. Whatever the facts are, we do know that the 
peaks of this cycle mean higher than normal values for 
the data. 

Streiff shows the reduction of the original monthly 
mean run-offs to a residual ‘‘e.””’ The mean ordinate of 
this residual ‘‘e” for the year represents the mean 
monthly flow. But the value of any monthly ordinate 
of this residual ‘‘e” does not necessarily represent that. 
particular month’s mean flow. If R1,R2,R3,...R12 
represent the 12 ordinates of the residual ‘‘e’”’, and a 1, 
a2,a3,.. .a@12, the difference between each monthly 
mean flow and the residual ordinate, we have— 


(R 1+a 1)+(R 2+a 2)+ ... (R 12+a 12)=total 
year’s run-off. 
u 


Ri+R2+...R 12=total year’s run-off. 
Hence, 
a1+a2+...a12=0. 
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We note that the run-off at each month is made up 
of a residual plus a variable (a), which a plus or 
minus in value, and the only thing we know about 
these variables is that their sum for the year is zero. 

The Clough cycle probably does follow a similar cycle 
in the sun-spot numbers, but the correlation coefficient 
between the rate of change of sun-spot numbers and this 
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variable cycle in run-off is only between plus 0.50 and 
plus 0.60—not good enough to work with. 

It is the hope of the writer that these articles of Streiff 
will prove a stimulus to the profession, who owe it to them- 
selves to at least investigate what might be to their bene- 
fit. Possibly within 10 years’ time we will treat with 
simplicity what seems to us now a hard nut to crack. 


FURTHER STUDIES ON THE ELECTRICAL CHARGES OF THUNDERSTORMS 
(A REPORT OF PROGRESS) 
By J. C. 
[Nebraska Wesleyan University, Lincoln, Nebr., December 26, 1929] 


Increased interest has been shown in the phenomena 
connected with lightning discharges during the last three 
ears, due to the controversy between Simpson and C. 
. R. Wilson in England and to the tremendous propert 
losses caused by Tichtaing in the United States. it 
should be remarked also that in the background behind 
any investigation of this kind is its relation to the earth’s 

negative charge. 

impson, in 1909, proposed what is known as the “‘ break 
ing-drop theory”’ of the origin of electricity in thunder- 
storms which depends on rapidly ascending currents of 
air in a thunderhead and the observed fact that when a 
drop of water is broken up in the air the drop becomes 
charged positively and the air negatively. Raindrops from 
the active portion of such a cloud should carry positive 
charges ied, those from its more remote portions negative 


ones. 

C. T. R. Wilson, by the use of an insulated ball and a 
capillary electrometer, succeeded in measuring the changes 
in the earth’s field due to lightning and gave a ratio of 
1 to 1:56 for positive to negative discharges. The more 
recent investigations by Schonland and Craib in South 
Africa (1), (4), (5), with apparatus essentially similar to 
Wilson’s, give results in good agreement, both of them 
holding to the opinion that the lower pole of a thunder- 
cloud carries a negative charge. 

In May, 1926, Simpson published a paper in which he 
maintained that a lightning flash originates only in the 
region of the maximum positive electric field and that any 
branching of the discharge will be in the direction of the 
seat of negative charges. He used as evidence on this 
point a large number of photographs of lightning flashes, 
of which 328 indicated that they were from positive clouds 
and 89 from negative. In April, 1927 (2), and more 
recently in November, 1929 (3), he gave a revised and 
amplified version of his theory of thunderclouds, in which 
he shows that the space charge of cloud should be positive 
in the active vortex, but that by far the larger portion of 
it should be negative. Lightning discharges are divided 
by him into three groups—(a) upward discharges from the 
head of the ascending air currents; these are thin, usually 
hidden the cloud, and, if seen, would be branched up- 
ward. (6) Downward discharges from the same region, 
also thin, and branched downward. (c) Heavy flashes 
from the _—— upward to the more quiescent part of 
the cloud. Where branching can be seen these are 
branched upward. 

Our present series of observations at Nebraska Wesleyan 
began more than five years ago. Two papers have been 
read before this society (6), (7), and one before the Ameri- 
can Physical Society (8), all in the nature of progress 
reports, for the problems involved are many and difficult 
of solution. The apparatus used consists of an insulated 
metal deck 9 meters above the earth, on the roof of the 
gymnasium which is adjacent to the physics laboratory. 


The deck is about 3 by 4 meters in size and has a capacity 
of 0.0014 microfarad. Adjacent to the deck is an insulated 
wire rectangle of the same dimensions as the deck and 
having a capacity of 0.0007 microfarad. Wires connect 
these conductors to earth through a sensitive galvano- 
meter. A nena prism and rotating drum are used 
for making the records, the pencil risers by the parallel 
rods being kept over the spot of light by the observer. 
The capacity of the system and the ballistic constant of 
the galvanometer having been determined, the change in 
potential of the deck due to a given discharge may be 
computed. Values of changes in the potential gradient 
thus obtained have been consistently lower than those of 
other observers, due to tall trees and other surrounding 
objects. 

a order to be able to identify a given discharge with 
the corresponding galvanometer deflection, a pair of tele- 
phone wires was run to the top floor of an adjoining 4- 
story building which presents a good view toward the 
western horizon. At the instant of a flash, word is sent to 
the observer in the laboratory, who records the data given 
on the drum. Differentiation is made between flashes 
from cloud to cloud and from cloud to earth. Notations 
are entered in a notebook of each lightning discharge 
regarding distance to cloud, size of flash, part of cloud 
from which flash came, etc. Likewise, when photographs 
have been taken, notes taken at the instant are used, 
together with the drum record and synchronized watches, 
to identify the picture. 

During the season of 1928 observations were made on a 
total of 19 storms, 11 of which were in daytime and 8 at 
night. A total of 1,014 galvanometer deflections resultin 
from lightning discharges were recorded, 639 of whic 
indicated a decrease of negative potential above the 
apparatus and 375 an increase of negative or a decrease of 

sitive. Classifying as “distant” discharges beyond 8 

ilometers and as “intermediate’”’ those from 5 to 3 
kilometers, the totals are 177 negative to 122 positive for 
distant discharges, 171 to 67 for the intermediates, and 
298 to 196 for the ‘‘near’’ ones. It has here been assumed 
that our clouds hang lower than those observed by 
Schonland in South Africa, hence the reversal distance 
should be less than the 6.8 kilometers which he found. 
The fact that the ratio is larger for the intermediates than 
for the near ones would indicate either that this assump- 
tion is not well founded or that Wilson’s theory does not 
account for all the facts. It should also be noted that the 
observations made prior to 1928 totaled 639 negative to 
375 positive, a ratio practically identical with the more 
recent one, although no special efforts to check on dis- 
tances were made in the earlier readings. Wilson’s 
totals in his earlier nope gave a ratio of 1 : 1.56, 
positive to negative, while my present aggregates of 
1,096 and 1,979, including the 1929 season, give a ratio 
of 1: 1.80. In view of the radical difference in method 
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used and the climatic differences between London and 
Lincoln, this is very good agreement, and would seem to 
justify a statement. that this work supports Wilson’s 
contention that the upper pole of the cloud is positive. 


‘However, the exceptions to the general average are so 


marked that they must be given careful consideration. 
For example, storm No. 19 on September 19, 1928, did 
not get nearer than about 5 miles at any time during the 
first hour that it was under observation and must be 
classed as a “‘distant’’ storm. Yet the record gives 128 
discharges showing the lower pole negative to 33 positive. 
In the interval from 9:34 to 9:58 p. m. of that storm the 
ratio was 23 to 0 for the lower negative polarity. These 
conclusions are both on the basis of a bipolar cloud beyond 
the reversal distance. On Schonland’s theory of reversals 
the ratio should have been reversed or the upper pole 
of the cloud must have been negative. Storm No..5 on 
June 23, 1928, shows a ratio of 18 to 2 during the period 
from 12:46 to 1:12 a. m. for lower pole positive, the storm 
being directly overhead. This agrees nicely with Simp- 
son’s theory if we knew that the vortex was passing over 
at that time, but the ratios became even larger.in the same 
direction as the storm passed on, which can not well be 
reconciled with the Simpson picture. ° 

My galvanometer usually shows a continuous shift to 
right while rain is pouring down, .and ballistic throws 
following lightning flashes are to left at the same time. 
This fact can be explained by recalling that the metal 
deck would collect the charges on the falling drops, 
deflection to right corresponding to negatively charged 
rain and left throws resulting from positive charges 
going to earth. The storm of June 23, referred to above, 
gave a shift to the left, as should be the case accordin 
to either theory, Simpson’s or Wilson’s. That the eet 
vanometer shift is really due to the falling rain is proved 
by switching from the metallic deck to a wire rectangle of 
the same area but about one-half the electrostatic capac- 
ity. The rectangle reduces the shift almost to zero while 
still giving large deflections due to discharges. 

The general trend of the evidence obtained is in favor 
of the Simpson theory for the cyclonic type of storm, but 
to account for some of the records we must ‘assume that 
the positively charged vortex is much larger in some storms 
than in others; also that some storms move much more 
slowly than the rates usually given, 30 to 50 kilometers 
per hour, and may remain almost stationary for an “hour 


or so until most of the energy they contain is dissipated. 


It is obvious that if Simpson’s picture of the distribu- 
tion of charges in the thundercloud is correct there should 
be a brief period when the storm is approaching close by, 
and when its front is directly overhead, when instruments 
such as have been used by any of the observers to date 
should indicate a preponderance of positive charge over- 
head. This charge should be reduced by each lightning 
flash, only to be built up again by the action of the air 
currents in the storm. This would apply also to Norin- 
der’s method (9) of triangulation, as his stations were so 
close to each other as to be well within Schonland’s 
reversal distance. Following this positive portion would 
come a much larger section of cloud in which the negative 
charges would predominate. Since change-of-potential 
readings have been taken for the whole cloud, and 
without regard to whether the storm passed directly over 
the observer or to one side, the large ratio of 1:80 to 
1:00 for the lower pole of cloud negative is, in fact, in 
agreement with Simpson’s theory. To maintain even 
so large a proportion of charges from a positive cloud as 
we have it is necessary that this part of the storm be 
much more active than the other. 


and»positive fields, and leans to the 


5. The Inter 


D. Nukiyama and H. Noto (10) have recently suggested 
that the thunderstorms found inland in Japan are of the 
Simpson type while those along the seacoast conform to 
the Wilson bipolar scheme with lower pole negative. 
These observers are using a galvanometer system similar 
to mine, with the add vantage of a photographic 
recording device, but state that their total number of 
observations is too small to warrant any general con- 
clusions. . In a later paper Noto (11) gb both negative 

ipole pattern. In 
this instance, also, the conclusion is drawn from meager 
data and could as well be accounted for by Simpson’s 
type of cloud as shown by some of the type cases studied 
theoretically by Simon (12). a 

Simpson has suggested the desirability. of obtaining 
pictures of lightning flashes with the corresponding data 
regarding field changes. He points out the necessity of 
knowing definitely what part of the storm is overhead the 


instant when a given field-change observation is recorded. 


We have met the first of these requirements by ‘taking a 
number of pictures concerning which the field-change 
data is also on record and find that in the active front of 
the cloud most. of the discharges to ground are forked 
downward, as required by Simpson, and that in the 


secondary part, the other type with branches upward, 


predominates. Our pictures disagree with Simpson’s 
requirements that flashes from the positive part of a 
cloud are thin, as these are the brightest and hottest 
To learn the rate of motion of ‘the’ storm, whether its 
center has passed over the observer, the rapidity and 
magnitude of the pressuré changes connected with differ- 
ent parts of the storm, etc., four Tycos microbarographs 
have been secured.’ One is in the laboratory at Nebraska 
Wesleyan, one about.3% miles south in College View, and 
the third 5 miles north on the hills north of Salt Creek. 
A fourth is in the Lincoln Weather Bureau office, ‘These 
instruments were made available through grants from the 
Hodgkins fund of the Smithsonian Institution, and from 
the University of Nebraska, and the loan of one from the 
United States Weather Bureau at. Washington. They 
were put into service on July 22, 1929. The month of 
August was dry and lacking in well-developed storms at 
Lincoln, but. records obtained give promise that the 
instruments are capable of doing the work required of 
them and that the mooted questions to the present con- 
troversy may be put to a crucial test during the coming 
thunderstorm season.. 
1. The Electric Fields of South African Thunderstorms. Schon- 
land & Craib, Proc. Roy. Soc., A, vol. 114, p. 229, 1927. 
2. The Mechanism of a Thunderstorm; |G: C. Simpson, Proc. 
Roy. Soc. A, vol..114, p. 376,.1927. . 
3. Lightning. . C. Simpson, Nature, Noy. 23, 1929. 
4. The Polarity of Thunderclouds. B.F. Schonland, Proc. Roy. 
Soc. A, vol. 118, p. 228, 1928. 
of Eléctricity Between Thunderclouds and 
the Berth, onland, Proc. Roy. Soc. A, vol. 118, p. 253, 
6. Changes in the Potential Gradient During Thunderstorms. 
Bull. Am. Met. Soc.; Jan., 1925,p. 17. 
7. Potential Gradient Observations ‘on a Typical Nebraska 
Bull. Am. Phys. Soc. Dec., 1927, p. 
9. Some Electrophysical Conditions Determining Lightni 
+ Norinder, Jour. Frank. Inst., vol. 205, No. 6, 
10. heats a Thunder, Clouds. D. Nukiyama and H.. Noto. 
7. re Jour. of Astron. & Geophys., vol. 6, No. 2, p. 71, 
11. On Electric Oscillations;in the Atmosphere! H. Noto, Jap. 
_ Jour. of Astron. .& Gee hys., vol. 7, No. 1, 1929. 
12. Electrostatics of the Ruaderetenn. A. W, Simon, Jour. 
Frank. Inst., vol. 204; p. 617, 1927. 
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NOTES, ABSTRACTS, AND REVIEWS 


Severe dust storms over*Idaho, Washington, and Oregon.— 
On March 19, 1930, an exceptionally severe dust storm 
occurred in the inland empire of eastern Washington, 
Oregon, and northern Idaho. The weather map of that 
date shows a strong HIGH over western Oregon and adja- 
cent Pacific Ocean with a Low in southern Alberta. Thi 
distribution of pressure is the ideal condition for a 
chinook, but, owing to drought and previous warm 
weather, there was no snow to melt on the lowlands and 
the moisture was quickly evaporated from the top soil, 
allowing dust to be picked up in great quantities. The 
velocity of the wind exceeded 30 miles an hour at times. 

The writer collected sam of the dust that had fallen 
on a clean paper held flat by weights that lay on a table 
on a screened sa The dust weighed 2.03 grams per 
square foot. Dust deposits in front and at the back of 
the house were nearly double the amount given, but: were 
disregarded, since it seemed that they might be above 
average and a conservative result was desired. The 
deposit. of 2.03 grams per square foot equals 62 tons per 
square mile. uming that the imland empire had 
50,000: square miles affected by the storm and that the 
fall of dust at Cheney was an average of the whole region, 
some 3,000,000 tons of dust were deposited. Allowi 
60 tons per freight car and 100 cars per mile, it woul 
take a freight train 500 miles long to move the dust that 
the storm moved in about eight hours; or, since a cubic 
yard weighs about 1 ton, the dust would make a column 
1 ers yard in cross section and 1,700 miles high.— 
0. W. Freeman, State Normal School, , Wash. 

Snows do not govern crops.—According to K. R. Henson, 
assistant professor of farm crops at lowa State College, 
heavy snowfall does not necessarily mean a bumper 
~- the next year. 

xperiments have proved that soils can only hold a 
certain amount of moisture and when that amount is 
attained any additional moisture moves on down through 
the soil, finally drain off underneath. 

These experiments have shown that soil can hold only about 
1% inches of water foot. of depth. As the roots of plants 
normally are largely in the surface 7 inches of soil and the entire 
rae seldom penetrates beyond the 4-foot line, the water that. 
the soil can hold at any time within the reach of plants is equivalent 
to only about 6 inches of rain. : 

In seetions where rainfall is not abundant, heavy snow furnishes: 
an ideal source of moisture and good crops may follow. - In sec- 
tions such as Iowa, however, where rainfall is usually abundant 
and the soil often already has its quota of moisture, the moisture 
from heavy shows will merely drain off. Where this oe Sage 
the soil is often depleted in fertility because of the possibility 
the excess moisture carrying off large quantities of calcium and 
nitrogen. together with lesser amounts of phosphorous and potas- 


sium. Heavy snowfall and excess moisture may, then, be a 
detriment in some seasons in Iowa, while in other years it is a 


great benefit. 

Nine waterspouts near .—Second Officer E. S. 
Bryant, of the British steamer Oilshipper, reports that 
between 1 and 2.30 p. m. (ship time) on Febru 23, 
1930, in latitude 8° 49’ N., longitude 84° 41’ W. (off 
Pacific coast of western Panama), nine waterspouts were 
observed, the nearest being about one-half mile distant. 
The formation, which was common to all, appeared to 
commence at the surface of the sea under a low bank of 
nimbus cloud. A few minutes later a tapering cloud 
formation gradually dropped, increasing in length, at 
an angle toward the agitated area on the sea. This 
had the rance of a whirlpool with an anticlockwise 
motion. The spray around the base of the spout was 
caught in the whirl and carried upwards for about 50 
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feet. Throughout the duration of the spout there was 
no visible connection between the whirl on the sea and the 
lower part of the column of cloud, which extended about 
two-thirds of the distance to the sea. The peculiar 
effect suggested that the tapering cloud formation was 
hollow and was characteristic of all the spouts. The 
weather at the time was calm with a smooth sea, although 
all the waterspouts were moving at a fair rate to the east- 
northeastward. The temperature of the air was 82° F.; 
of the sea, 86°; barometer, 29.86 inches —Hydrographic 
Bulletin, Washington, D. C. March 19, 1930. . 

Forecasting Mean Winter Temperatures for the North 
American Interior; by Chas. F. Brooks—Application of 
the Groissmayr formula, based chiefly on summer weather 
in India, 1929, indicated a plus departure of 1.4° F. in 
mean temperature for Winnipeg from December, 1929, 
to February, 1930, inclusive. (Montaty Wearuer Re- 
view, November, 1929, p. 454.) 

Through the courtesy of Director Patterson, of the 
Canadian Meteorological Service, we learn that the mean 
for these months at Winnipeg was 2.9° F., or 1.6° F. 
above a 20-year normal, and 2.2° F. above the (1873-1920) 
normals in ‘‘World Weather Records”? (Clayton). This 
successful forecast makes the sixth forecast based on 
Groissmayr’s formula founded on earlier years of record. 
Of these six, two were nearly perfect, two reasonably 
successful, one good, and one poor. M. W. R. p. 455.) 

The forecast formula can not be said to give any 
more than simply the mean temperature. This forecast 
of the past winter as one averaging slightly above normal 
would hardly have led one to expect the moderately 
cold December and January, 1.9° and 3.4° F. below 
normal, and the extraordinarily warm February, 11.9° F. 
above normal. Is a forecast simply of the mean tem- 
perature for the three months on of any value? 

Air-Mail Pilot Encounters Severe Thunderstorm in 
Florida, by James W. Smith.—Air-Mail Pilot F. B. Cann 
encountered a thunderstorm of unusual intensity over 
east-central Florida the afternoon of March 23. Pilot 
Cann took off from Daytona Beach at 4:35 p. m. with the 
southbound air mail. The ceiling was low, 600 to 800 
feet, and a light rain was falling at the time. Reports 
from southern Florida indicated fair weather, and no re- 
ports were available from other regularly reporting 
stations along the route, due to the fact that the plane 
was several hours behind schedule. : 

The rain increased from light to heavy and soon it was 
impossible to see the ground from above 300 feet. The 
air became very rough, with strong vertical currents, and, 
considering the poor visibility due to the heavy rain, Mr. 
Cann thought it safer to gain altitude and fly blind, which 
he did, at the 1,000-foot level. The rain was uniforml 
warm and no hail or lightning observed, althoug 
thunder crashed heavily on two occasions. Such severe 
storms are unusual at this season, and it seemed better to 
“stick it out”’ for a few minutes than to go back through 
just experienced and land at Daytona 

each. 

The storm lasted to just south of Titusville, requiring 
30 minutes for a portion of the trip ordinarily covered in 
22 minutes. Here the rain stopped and the dense clouds 
abruptly broke away, leavin e sun visible through a 
layer of high thin clouds. The storm passed quickly out 
over the ocean and rapidly vaipped up a rough sea. On 
the fringe of. the storm over Indian River Mr. Cann 
counted 15 whirlwinds which picked up water from the 
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wave crests, but none of which attained the pre rtions 
of a water spout. Seeing some fishing boats, he flew low 
enough to warn them of the approaching storm, then con- 
tinued south to Miami. 

A check-up on the plane after landing showed that 
paint had been sescnila from the more exposed portions 
as though by a sand-blast, and the forward edge of the 
steel propeller was nicked and eroded to such an extent 
that it was necessary to order a new one. Pilots and me- 
chanics of the Miami airport agreed that they had never 
before seen a propeller so damaged by rain. The asbestos 
packing was washed from the gaskets and the cockpit was 
soaked, which is unusual even in a heavy rain, although 
the mail, which was in a closed double-bottomed cockpit, 
escaped injury. 

r. Cann had at no time expected the storm to be so 
severe nor of such long duration, and states that in the 
svent of meeting another he would immediately land the 
plane, if possible. 

A low-pressure area, about 29.75 inches, was central 
over at and the 8:00 a. from 
near-by stations the follo morning showed heavy 
rainfall: Jacksonville, 2.34 te Bo Orlando, 3.48; Eustis, 
1.34; Titusville, 1.68; and Sanford, 1.01. 

Speed record airplane flight, Ralph Sanders.—On March 
2, 1930, Pilot Frank J. Andre, flying the air mail, took off 
from Atlanta at 3:30 p. m., arri at Macon at 3:55 
p.m. The distance of 77 miles (airline) was covered in 
25 minutes, averaging 185 miles per hour. 

Line Superintendent A. P. Kerr left Macon at 1:20 p. m. 
and arrived at Jacksonville at 2:35 p. m., flying an airline 
distance of 210 miles in 75 minutes, an average of 168 
miles per hour. (The pilot’s report and field manager’s 
time report disagreed by 10 minutes. On pilot’s log 
arrival time is 2:25 p m. Departure from Macon agreed 
on both reports. If the pilot’s time, 65 minutes, were 
= ie average speed would approximate 200 miles per 

our. 

On the flight from Macon to Jacksonville the pilot 
reported that below 6,000 feet the air was unusually 
bumpy, but at 7,000 feet, which altitude he held, it was 
quite smooth. The balloon runs made at Atlanta 
(12:10 p. m.) and Jacksonville (3:00 p. m.) yield the 
following information: 

6,000 feet: Atlanta wind northwest, 56 miles per hour; 
Jacksonville wind west-northwest, 45 miles per hour. | 

_ 7,000 feet: Atlanta wind northwest, 76 miles per hour; 
Jacksonville wind west-northwest, 56 miles per hour. 

8,000 feet: Atlanta wind northwest, 94 miles per hour; 
Jacksonville wind west, 63 miles per hour. 

Since the wind backed toward west as the plane from 
Macon approached Jacksonville, giving cross rather than 
tail winds, with an appreciable decrease in velocity, the 
reason for the greater speed of the plane from Atlanta to 
Macon over the one flying from Macon to Jacksonville 
is apparent. 

These two flights are record flights for speed. Eastern 
Air Transport states that these planes have a maximum 
speed of 135 miles per hour, with a generally used cruising 
speed of 110 miles per hour. 

On the same date as the other two flights Pilot Eugene 
R. Brown took off from Atlanta at 9:05 a. m. for Greens- 
boro, arriving at 11:05 a.m. The airline distance of 307 
miles was made in two hours, an average speed of 153 
miles per hour. 

The 6:10 a. m. balloon run at Atlanta shows a surface 
wind of 25 miles per hour from west-northwest, steadily 
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and rapidly increasing to 78 miles per hour from north- 
west at 7,500 feet, decreasing to 67 miles per hour from 
the west at 8,200 feet, then increasing again to 90 miles 
per hour from the west at 10,800 feet. This gave the 
palo strong cross winds, which hindered rather than 

elped, but he was helped by the wind shifting toward 
the southwest.as the plane approached Greensboro, as 
shown by the following data taken from the 6:04 a. m. 
balloon run at that place: Surface west-northwest, 10 
miles per hour; 6,000 feet west, 51 miles per hour; 7,500 
feet west-southwest, 54 miles per hour; and 8,000 feet 
west-southwest, 56 miles per hour. 

The above information, with the exception of the wind 
data, was furnished by Mr. E. V. W. Jones, editor of 
New Wing, published by Eastern Air Transport, owner 
of the planes. 

Pilot Wheaton’s Experience Against Terrific Head 
Winds, by L. A. Warren, Cheyenne Airport.—Pilot H. A. 
Wheaton, flying the morning westbound mail out of 
Cheyenne on March 22, 1930, relates the following expe- 
rience against terrific head winds. 

Leaving Cheyenne about 5 a. m. he attempted to fly 
the usual course over Sherman Hill, a point about 30 
miles west and approximately 3,000 feet higher than 
Cheyenne. His air speed was calculated at from 90 to 
100 miles per hour, but the head winds he encountered 
were of such force as to cause the plane to actually drift 
backward. Seeing that he was making no _ progress 
against the wind he turned back and flew over the moun- 
tain nee several miles south and at a lower height. 
The winds there were of high velocity, not too strong, to 
prevent a very slow progress. 

High winds from a westerly direction are frequently 
encountered over the Sherman Hill Pass, but not often 
of such velocity as to prevent at least a slow movement 
against them. 

Changes in the Daily Weather Report of the London 
Meteorological Office. (Condensed from the Meteorological 
Magazine, Meteorological Office, Air Ministry, London, 
March, 1930.}—Due to rather drastic revision in the 
international ae of meteorological information 
brought about at the Conference of Directors of Meteoro- 
logical Services at Copenhagen in September, 1929, the 
London Meteorological Office deemed it advisable to 
change the form of the Daily Weather Report issued by 
that office so as to include, beginning March 1, 1930, a 
weather chart for the Northern Hemisphere for the morn- 
ing of the date of issue. The dimensions of this new chart 
are substantially 12 by 12 inches, a small reduction in 
size from the one previously issued.- The pressure dis- 
tribution is shown by isobars drawn for an interval of 
4 millibars (0.12 inch); temperature, in degrees Fahren- 
heit, is printed on the chart, as are also wind direction and 
force and the state of the sky by appropriate symbols. 

The only serious hiatus on the chart is the absence 
at times of reports from about a quarter of the Northern 
Hemisphere, say, from 100° to 180° east longitude. It 
may be, however, that means of communication with 
Siberian stations along and north of the fiftieth parallel 
of north latitude are not yet as fully developed as may be 
possible.—A. J. H. 

Climatic cycles in the Eocene.—A geological paper of 
more than usual interest to climatologists is ‘‘ Varves and 
Climate of the Green River Epoch; by Wilmot H. 
Bradley.' This is a study of marlstone, oil shale, and 
fine-grained sandstone from lake beds of middle Eocene 


1U. 8. Geological Survey, Professional Paper 158-E, Washington, 1929, 
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(first of the five subdivisions of the Tertiary) in 
Utah, and Wyoming. 

These rocks consist: of varves, not glacial but bio- 
chemical in origin. Each varve consist of two lamine, 
one of ooze that has lithified into oil shale, the other of 
calcium and magnesium carbonate such as is now bei 
deposited as marl in many lakes. From anal wit, 
modern lake deposits it is argued that the carbonates 
were precipitated in early summer, the oil shale later in 
the hottest season, and that these sediments were still 
more sharply separated by differential settling. Study 
of the sandstone layers suggests that the climate was 
marked by a well-defined winter rainy season, and 
examination of plant remains indicates temperatures and 
rainfalls similar in amount to those now prevalent in 
Louisiana. 

In addition to the bilaminal annual cycle, recurrent 

roups of thick varves show an average interval of a little 
es than 12 years, with individual intervals ranging from 
7 to about 18 years. 

An average cycle of 21,630 years resulted from measure- 
ments on four groups of alternating beds of oil shale and 
marlstone, affording 16 cycles. Croll’s hypothesis, it will 
be remembered, was based on a cycle of about 21,000 
years, the resultant of the cycle of the precession of the 
— in 25,000 or 26,000 years, and the revolution 
of the line of apsides, in the opposite direction. 

A third cycle, of about 50 years, is represented by 
regularly recurrent layers of calcite-filled cavities that 
are supposed to have originally been filled with a salt- 
_ lauberite. This corresponds to no well-established 
rhythm. 

Climatologists will envy Bradley his wealth of material. 
From measurements of varves he estimates the Green 
River epoch to have lasted between five and eight 
million years.—Eric R. Miller. 

Padua, Italy, precipitation, 1900-1928.—A correspond- 
ent asks us to print the continuation of the Padua record 
of annual peeepieene that was given in the article by 
Robert E. Horton on ‘‘Group distribution and periodicity 
of annual rainfall amounts, this Revimw, 51: 514-521. 
This we do in the following table: 


Total annual precipitation (millimeters) } 


Meteorological sum for Chile, February, 1930 (by 


J. Bustos Navarrete, Observatorio del Salto, Santiago, 
Chile)—The weak atmospheric circulation over the 
Pacific and the scantiness of rain noted in January 


' Record 
i, Sitzungsberichte der kaiserlichen Akademie der Wissenschaften 
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continued during this month. In the first decade de- 
pressions of minor importance crossed the extreme 
southern region and were accompanied by scattered rains 
between agallanes and Valdivia, with maximum 
amounts on the 3d and 4th. Thereafter the weather was 
settled in high degree over the entire country. Two 
anticyclones of major importance were charted as fol- 
lows: 17th-18th, moving from Chiloe toward Argentina, 
and 25th-28th, moving from Magallanes northward.— 
Translated by W. W. B. 
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Alexander, William H., & Patton, Charles A. 
Climate of Ohio. Wooster. n. d. 69 p. figs. 23 em. 
(Ohio agric. exper. sta., Bull. 445, December, 1929.) 
American national red cross. 
Mississippi Valley flood disaster of 1927. Washington. 
{1929.] vii, 152 p. figs. plates. 23 cm. 
Berlin. Flugwetterdienst. 
Flugwetterdienst und Luftverkehr. [Beeskow i. M.] n. d. 


18 p. figs. 23 cm. 
Byers, Horace R. 
Summer sea fogs of the central California coast. Berkeley. 
1930. Pp: 291-338. figs. plates (fold.) 27% ecm. (Univ. 
Cal. pub. geogr., v. 3, no. 5.) 
Daniel Guggenheim fund for the promotion of aeronautics, inc. 
Solving the problem of fog flying. A record of the activities 
of the fund’s full flight laboratory to date. New York 
City. n.d. 152p. 22cm. 
Ficker, H. v. 
Der Sturm in Norddeutschland am 4. Juli, 1928. Berlin. 
1929. 39p. figs. 26 cm. (Sonderausg. Sitzungsber. der 
preuss. Akad. der Wissensch. phys.-math. K1. 1929. XXII.) 


John. 
reas covered by intense and widespread falls of rain. West- 
minster. 1929. 32 p. figs. 22 cm. (Exc.: Minutes of 
proc. Inst. civil engin., v. 229, sess. 1929-30, pt. 1.) 
International geodetic and geophysical union. Section of terrestrial 
etism and electricity. 
rendus de l’assemblée de Prague, septembre, 1927. 
Paris. 1929. xii, 269 p. 25% cm. (Bull. no. 7.) 
Jarvis, C. S. 
Rainfall characteristics and their relation to soils and run-off. 
. 3-47. figs. 22% cm. (Amer. soc. civil engin., Proc. 
anuary, 1930.) 
Kinnison, H. B. 
New England flood of November, 1927. Washington. 1929. 
iv, p. 45-100. figs. plates. 234% cm. (U. 8S. Geol. sur 
vey, water-supply paper 636—C.) 
Schmid, Walter. 
Wetter. Praktische Winke zur Wettervoraussage. Bern. 
n.d. 112 p. figs. 16% cm. 
Shaw, Napier. 
Meteorological science to-day. 18 p. 25 ecm. (Repr.: 
Realist, November, 1929.) 
Hardy L. 
hermoelectric radiometer for ecological use on land and in 
water. p. 103-113. figs. 24% cm. (Repr. Ecology, 
v. 11, no. 1, rage on (Prof. paper no. 14, Boyce 
Thompson inst. for plant research, inc.) 
Tsiang, P. J. 
de Tsingtao. 1929. iii, 69 p. plates (fold.) 
cm. 
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SOLAR OBSERVATIONS 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
MARCH, 1930 


By Hersert H. Krmsatt, Solar Radiation Investigation 


For reference to descriptions of instruments and expo- 
sures, and an account of the method of obtaining and 
reducing the measurements, the reader is referred to this 
volume of the Revirw, page 26. 

Table 1 shows that solar radiation intensities averaged 
below the normal intensity for March at all three stations. 

No skylight polarization measurements were obtained 
at Madison during the month. At Washington measure- 
ments obtained on four days give a mean of 58 per cent 
and a maximum of 61 per cent on the 5th. These values 
are close to the corresponding averages for Washington. 


Norz.—The data for Table 2 will appear in the next issue of the 
REVIEW. 


TABLE 1.—Solar radiation intensities during March, 1930 
{Gram-calories per minute per square centimeter of normal surface} 
Washington, D. C. 


Sun’s zenith distance 


8 a.m, 78,7° | 75.7° | 70.7° | 60.0° | 0,0° | 60.0° | 757° | 73.7 Noon 


Date 75th | Air mass Local 
mer. | mean 

| solar 

time | A.M, P.M. time 


1.10) 0.96) 1, 88, 
2.36) 0.86) 1.02) 1.08 Le 
0.73) 0.83) 0.98 0.86 0. 0.57) 3.15 
1.17; 0. 0. 4.37 
1.13 1.14) 0.99) 0.91) 2.62 
1.18) 1.04 0.91) 3.30 
0.68; 0.81) 0.99 1.09} 0.93) 0.80)...... 
—0. 15 —0. 13)—0. 10 £0. 00/—0. 01/—0. 01)... _. 


1 Extrapolated, 


POSITIONS AND AREAS OF SUN SPOTS 


Communicated by Capt. C. S. Freeman, Superintendent U. §. Naval Observatory 

t Data furnished by Naval Observ in a nee with Harvard, Yerkes, Mount 
Wilson, and Perkins observatories. The differences of } tude are measured from 
central meridian, positive west. The north latitudes are plus. Areas are corrected 
for foreshortening and are expressed in millionths of sun’s visible eps a The 
total area, inclu spots and groups, is given for each day in the last eolumn) 


ical Heliographic Area Total 
“avi Diff. | Longi-| Lati pos 
ngi- - 
time | jong. | tude | tude | SPt Group) Gay 
1930 hm ? 
Mar. 1 (Mount Wilson).-| 12 30| —7L0 4.0 
+9.0 84.0 
Mar. 2 (Naval Observa- 12 7] —65.0| 357.0 
tory). +22.5} 84.5 
Mar. 3 (Naval Observa- 11 21 | —52.0| 357.3 
tory). +35.5} 84.8 
Mar. 4 (Naval Observa- 11 20] —39.0| 357.1 
tory). +49, 0 85.1 
Mar. 5 (Naval Observa- ll 15 | —26.0| 357.0 
tory). +62. 5 85.5 
Mar. 6 (Naval Observa- ll 25 | —12.0} 357.7 
tory). +76.0 85.7 
Mar, 7 (Mount Wilson).-| 12 30| 331.9 
—3.0| 352.9 
+9.0 4.9 
Mar. 8 (Naval Observa- 14 2| —9.0)| 332.7 
tory). +14.5 | 356.2 
Mar. 9 (Naval Observa-| 11 28 | +26.0| 356.1 
tory). 
Mar. 10 (Naval Observa- 12 —78.0} 238.6) +9.5 
tory). +41.0] 357.6 | —16.5 509 518 
Mar. 11 (Naval Observa- 15 56 | —64.5} 236.8{ +9.0 46 
tory). +59, 0 0.3 | —16.0 494 540 
Mar. 12 (Naval Observa- 10 56} —53,5 | 287.4] +9.5 31 
tory). 70.0 0.9 | —16,.0 370 401 
Mar. 13 (Naval Observa- 11 10 | —63.0} 214.6 +15.5 
tory). —42.0 | 235.6) +9.5 
+84.0 1.6 | —16.0 386 583 
Mar. 14 (Naval Observa- 10 51 | —50,0} 214.6 | +136.0 
tory). —31.5 | 233.1 | +11.0 
—24.5 | 240.1 | —10.5 3 118 
Mar. 15 (Naval Observa- 11 17 | —35.0] 216.2 | +16.5 31 
tory). —23,0| 228.2 | 31 
—17.5 | 233.7 | +10.0 31 93 
Mar. 16 (Naval Observa- 10 58 | —32.0| 206.2) —7.5 6 
tory). —19.0 |} 219.2) +16.5 
—10.0 | 228.2 | +24.0 _ 
6.5 | 22.7) 411.5 370 438 
Mar. 17 (Naval Observa- ll —35.5) 189.4) +7.0 
tory). —16.0 | 200.9) —0.5 
—5.5 | 219.4) 416.5 
42.5 | 227.4) +22.5 
+8.0 | 232.9 | 411.5 494 506 
Mar. 18 (Naval Observa- 2) —21.5} 190.3] +7.5 Wh 
tory). —-1.5 | 210.3) —1.0 }....-... 
+20.0 | 231.8 | +12.0 |_....-_. 370 } 478 
Mar. 19 (Naval Observa- 11 8] 1010) +7.5 12 
tory). +12.5' 211.0} 
+34.5 | 233.0) +115 340 445 
Mar. 20 (Naval Observa- 11 107.3) +60 62 
tory). 191.3) +7.5 9 
+48.0} 288.3 | +11.5 216 364 
Mar. 21 (Naval Observa- ll @| —65.0} 107.2) +65 12 
+61.5 | 233.7 | 411.5 |-......- 185 | 215 
Mar. 22 (Naval Observa- 13 44 | —73.5| 84.0) +110 | 
tory). —50.0} 107.6 | +60 9 
+39.5 | 197.0] +8.5 
+57.0| 2145 0.0 31 
+80.5 | 238.0 +10.0 298 
Mar. 23 (Naval Observa- 10 58 | —61.0 84.9 | +11.0 123 i. 
tory). —31.5) 1144) +2.0 
+20.0] 165.9) —5.0 15 
0; 2149 0.0 6 159 
Mar. 24 (Naval Observa- ll 1] —73.0 59.7 | +10.0 77 
tory). . —48.0 84.7 | +11.0 123 
—18.0} 114.7] +2.0 15 215 
Mar. 25 (Naval Observa- 12 41 | —58.5 60. 1 5 62 os 
tory). —34.0! 84.6) +10.5 170 


| 
|| 
| e 50/40) 30] 20/110!) 20] 40] 501} 
4 mm. cal. | eal, | cal, | cal. | cal. | cal. | cal, | cal. | cat. | mm. 
Mar. 5......-..| 3.15 0.64) 0.74 0.90, Lid 144) 3.00 
Mar. 1.68 0.63) 0.73} 0.85) 1.02) 1.28) 0.94) 1.52 
Mar. 20........) 3.99 0.93] 1.12] 1.46] 3.00 
Mar. 24........| 4.17 0.54) 0.63} 0.77) 103) 5.56 
“ 0.60) 0.68} 0.86] 1.08] 1.40) 
; —0. 12;—0, 12|—0, 09}—@. .|—0. 06, —0. 
Madison, Wis. 
Mar. 5.........|. 2.36|......] 098) 119 138] 1.50) 
: Mar. 8.........| 1.12) 135) 1.60) 216 
4 Lincoln, Nebr. 
Mar. 
Mar, 
Means. ......../__ 
— 
— 
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POSITIONS AND AREAS OF SUN SPOTS—Continued PROVISIONAL SUN-SPOT RELATIVE NUMBERS FOR 
MARCH, 1930! 
H Area Data furnished the of Prof. W. B , Uni ity of Zuri 
Eastern eliographic Total through runner, versity o ich, 
civil Diff. Lati 
| Spot | Group 
“fade” | tate March, 1930 | Relative |} March, 1990 | Relative | 1930 | Relative 
h ° ° ° 
Mar. 26 (Naval Observa- ll 7 —80.5 25.4}; —4.0 216 ab 
21.0 84.9 | +10.5 8 i-ucxs. 4 346 3 28 13 26 23 7 
Mar. 27 (Naval Observa- 11 1] —68.5 24.6 —3.0 4 14 17 24 23 
-8.0/ 85.1 +105 433 Ec 28 |) 17 
Mar. 28 val Observa- 11 15 | -55.0 24.8) —3.5 
Mar. 29 (Naval Observa- ll 4} —41.0 25.7}; —4.0 53 30 
+18.5| 85.2] +10.0 404 52 
Mar. 30 (Naval Observa-| 11 19| ~30.0/ 23.4] —5.0 386 | 
+31.5| 84.9] +10.0 Mean, 28 days=35.0. 
Mar. 31 (Naval Observa- 11 7/ —17.0/ 23.3] 509 1 Dependent alone on observations at Zurich and its station at Arosa. 
tory). +21.0/ 61.3 | —16.5 a= Passage of an average-sized group through the central meridian. 
+23.5 63.8 56 608 b= Passage of a large group through the central meridian. 
Mean daily area for 516 c= New formation of a large or average-sized center of activity: E, on the eastern part 
March of the sun’s disk; W, on the western part; M, in the central zone. 
d= Entrance of a large or average-sized center of activity on the east limb. 


AEROLOGICAL OBSERVATIONS 
By Ricumonp T. 


Except for the levels close to the surface at Ellendale, 
free-air temperatures were below normal at all levels at 
all of the aerological stations. 

Relative humidity departures were positive in the 
upper levels at Due West and Groesbeck and in the lower 
levels at Royal Center. Elsewhere they were negative. 

Free-air vapor pressures were mostly below normal. 

The resultant winds were variable at the 500 and 1,000 
meter levels. At the 1,500 to 3,000 meter levels they were 
northwesterly throughout the northern and eastern part 
of the country. Above the 4,000-meter level they were 
northwesterly over the entire country. 


TABLE 1.—Free-air temperatures, relative humidities, and vapor 
pressures during March, 1930 


TEMPERATURE (° C,) 


Broken Ar- | Due West, Ellendale, 
row, Okla. 8. C. N. Dak. 
(233 meters) | (217 meters) | (444 meters) 
Altitude 
(meters) De- De- De- De- De- 
m. 8. 1. par- par- = par- 4 
ture ture ure ture ure 
Mean from | Mean! prom | Mean) som Mean from | Mean} fom 
nor- nor- nor- nor- nor- 
mal mal mal mal 
Surface ..... -2.3 8.5 | —3.2| 40.6) 12.0) -L3 1.4): -2.9 
6.6 | —1.7 7.0 | —2.8] -1.9/403)] 105) —11 0.1; —2.0 
4.8) —1.5 4.1) —4.0/ —0.5 88) 
3.1) 1.6) -5.9/-13] 7.0/ -3.0 
2,000... 0.5 | —2.5 -1.1 |) ~80) 5.3) —3.0 
2,500... —2.3 | —3.0 | -—3.5 | —3.7 |-10,6 | —1.8 3.1 | —2. —27 
3,000... —5.2) —3.4] —6.3 —3.4 |-12.7| -1.1] 0.7/ -1.8/-103] -—2.7 
4,000... —10.0 | —2.9 | —9.1 | —2.3 |-18.5 | =1.5 | 
5,000... —16.8 | —1.5 |—25.3 | —22.3| —3.4 
RELATIVE HUMIDITY (%) 
Surface. ____ 58| —6 63| 66; 71 0 74 +3 
47 -5 58 —2 55 55 3 59 
44 57 +1 50 —6 48 +5 51 —3 
40 0 50 +6 47; —10 49; +12; 4 
35 -2 46 +5 —5 60 | +12 39 —10 
| 25 —2 54 +7 4 39 —15 


TaBLE 1.—Free-air temperatures, relative humidities, and vapor 
pressures during March, 1930—Continued 


VAPOR PRESSURE (mb.) 


Broken Ar- | Due West, Ellendale, Groesbeck, |Royal Center, 
tow, Okla. 8. C. N. Dak. Tex. Ind. 
(233 meters) | (217 meters) | (444 meters) | (141 meters) | (225 meters) 
Altitude 
(meters) 
m.s.1. De- De- De- De- De- 
a ture fare ture ture ture 
ure ure ure 
Mean from Mean from Mean from Mean from Mean from 
nor- nor- nor- nor- nor- 
mal mal 

Surface --._- 6.49 |—1.73 | 7.48 |—1.87 | 3.71 |—0.23 | 10.25 |\—-1.32 | 5.13 | —1.21 
6.03 |—1.19 | 6.52 /—1.66 | 3.59 |—0.24 | 8.87 |—-1.07| 4.57 | —0.84 
4.95 |—0.98 | 5.32 | 2.72 |-0.30| 7.28 |—0.74 | 3.76 | —0.59 
3.82 |—0.95 | 4.33 |—1.24 | 2.15 |-—0.40} 5.79 |—0.30 2.80) —0,71 
3.56 |—0.80 | 1.69 |—0.46| 4.62 2.16 | —0.80 
2. 06 2.66 i—0.64 | 1.34 3.92 1.60 —0. 36 
2.02 |—0.27 | 1.05 |—0.39 3.40 |+0.70| 1.43 | —0.70 
1.51 |+0.17 | 0.71 |-—0.16 1.63 |—0.23 0,81 | —0.56 
1.42 |+0.30 | 0.33 |—0, 23 0.59 | —0.47 


TaBLeE 2,—Free-air data determined at Naval air stations during 
March, 1930 


Temperature (°C.) Relative humidity (%) 
Altitude (meters) 
m. $s. 1, Pensa- San Wash- | Pensa- San Wash- 
cola, Diego, 4 cola, Diego, | ington, 
Calif D.C. Fila. Calif 

Surface... 9.6 16.4 4.4 73 64 
500_.- 8.6 15.4 3.4 59 59 56 
6.3 13.9 1.2 46 51 55 
1.6 7.9 —4,1 41 2 58 
24428 —1.3 1.3 —7.9 32 34 46 
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TaBLe 3.—Free-air resultant winds (meters: per second) based on pilot balloon observations made near 7 a. m. (EZ. S. T.) during Mareh, 1930 
Broken Arrow, || Burlington Cheyenne, Due West, | Ellendale Groesbeck Jacksonville Key West, Los Angeles 
Okla. Wyo. || N. Dak.’ Calif. 
Altitude (233 meters) || (132 meters) || (1,868 meters) || (217 meters) || (444 meters) || (141 meters) (65 meters) (11 meters) (40 meters) 
m Diree- 
m s. 
ag Ve- Ve- Ve- Ve- Ve- Ve- Ve- Ve- Ve- Ve- 
Direc- Direc- Direc- Direc- Direc- Direc- Direc- Direc- Direc- 
loc- loc- loc- loc- loc- loc- loe- || ~ loc- loc- loc- 
tion ity tion ity tion ity tion ity tion ity tion ity tion ity tien ity tion ity tion ity 
° ° ° ° ° 
Awe bt 5 N 88 W 5.9 || N 44 W | 3.8 || S 60 W 12.2 N 2E S8E 1.9 
N 80W/ 5.6 8S 87 W N 44W/68 N 12W/33)/E 3.0 
N 61 W/| 6.1!) N 74 W | 96 N 39W/8&8 | N N 81W/7.6/'S N 75E 2.5 
N 60 W | 7.0 || N 68 W || N 70 W | 7.7 || N 77 W |10.0 || N 41 W 9.4 | N 64W/ 7.8|| N 68 W 7.9 || 8S 88 W 8S 65 W/ N 56E 21 
N 58 W | 9.2 | N 70 W /14.4 || N 56 W [12.0 || N 81 W /10.4 N 41 W [11.0 | N 84W i141!) S 25 
N 56 W |10.6 || N 78 W |14.5 || N 51 W /11.6 || N 77 W j1L.8 || N 40 W 9.2 || N N 56W/9.3)|S 81W/ N 1I3E 
N 9.1 || 87 W || N 50 W | 6.9 |) N 87 W {18.5 || N 40 W /12.8 NSW N 83 W 3.2 
Medford Memphis, New Orleans,” Royal Center Salt Lake San Francisco, Sault Ste. Washington 
|| Omaha, Nebr. || City, Utah Cali. Marie, Mich, | Seattle, Wash. || 
Altitude (446 meters) (145 meters) (25 meters) (225 meters) || (1,280 meters) (60 meters) (198 meters) (5 meters) 
aeatheahed Ve- Ve- Ve- Ve- Ve- Ve- Ve- Ve- Ve- Ve- 
Direc- Direc- Direc- Direc- il Direc- loo- Direc- leo- Direc- lac- Direc- loc- Diree- loe- Direc- loc- 
tion ity tion ity tion ity tion ity tion ity tion ity tion ity tion ity tion ity tion ity 
° ° ° ° ° ° ° ° ° ° 
Surface......... @2E N 3W/18)]| N ME 8 50E 6 20 
N N N N 87 W | 5.6 N 19W/0.9} N 11 Wj 221 N 67W/ 8 8W) 6.7 
8 4E |0.6||N N43W1/60/| N 7.8 N 73 W | 6.5 N 19E 3.0 N 33 W | 5.8 N 22W 8W) 
N 8 E | 0.5 || N 67W/9.9/| N 57W 76W/9%1//8 3E | N WE | 27/| N 7.3 || N N 81 10.5 
N N 59W (115 || N N 41W/9.2)| N 70W N 2E | 3.9 N 23 W 6.4 || N 36W/ 10) N 80 W | 10.7 
N 29 W | 3.2/|| N 54 W /11.7 || N 81 W /11.8 || N 49 W /11.4 || N 76 W /13.8 || N 88 W/3.4/|| N 35E | N 30W/ N 13 2.0) N & Wj 
|N N 67W/9.3 || N 82 W /11.6 || N 52 W || N 79 W |13.7 || N 69W 5.1 || N44W/1L4/| N 20W/8.2)| N 20W 2.0) 8 77 Wj 125 
> N 562W | N 74 W /15.9 || N 50 W | 5.8 
TaBLe 4.—Observations by means of kites, ive and limited- 


height sounding balloons during March, 19380 


Broken| Due | Ellen- | Groes- | Royal 
Arrow,| West, | dale, | beck, | Center, 
Okla. | S.C. Ind. 


Mean altitudes (meters) m. s. 1., reached 


3,133 | 2,644 3,207/| 2,946 3, 092 
Maximum altitude (meters) m. s.1., reached 
15,031 |? 5,369 | 25,385 | 44,485 | 15,924 
Number of flights made___.................. 35 37 36 32 32 
Number of days on which flights were made__ 31 29 31 26 31 
1 9th. 2 31st. 419th. 417th. 


In addition to the above there were ap tely 125 pilot balloon observations 
made daily at 53 Weather Bureau stations in the United States. 


WEATHER IN THE UNITED STATES 


THE WEATHER ELEMENTS 
By M. C. Bennett 
GENERAL SUMMARY 


The weather for March, 1930, was warm for the season 
during the first half, but the latter half in many portions 
was decidedly cold; and while March is normally much 
warmer than February, this year the month, as a whole, 
in many interior and southern sections was actually colder 
than February, which had been abnormally warm. 

The Por for the month was unevenly dis- 
tributed. From two to more than four times the normal 
was received in portions of the Southeast, while more than 
normal amounts fell in portions of Texas, the far South- 
west, and the northeast section; but only scanty falls were 
received in most interior valley sections, the northern 
Great Plains, the mid-West, and the Pacific Northwest. 


PRESSURE AND WINDS 


At the beginning of the month a low-pressure area was 
central over the upper Lake region, accompanied by 


moderate precipitation throughout that region, and also 
over the northern portion of the Mississippi Valley, the 
same being largely in the form of snow. Light rain also 
prevailed over touch of the South Atlantic and portions 
of the east Gulf States. During the next few days these 
precipitation areas moved off the northeast coast, and 
were followed by generally fair and moderately cool 
weather over most of the country, except in portions of 
the central and southern Pacific coast areas, where rain 
occurred almost daily. 

On the 6th a rather extensive low-pressure area ex- 
tended over the Great Plains region from western Texas 
to the northern border States, and precipitation prevailed 
over most sections to the westward of the Rocky Moun- 
tains and from the lower Lakes northeastward. By the 
next day this storm had moved to the southern Ohio 
Valley, and widespread precipitation prevailed from the 
central Mississippi Valley southward, also to the Atlantic, 
and was accompanied by heavy thunderstorms in man 
localities. Light precipitation prevailed also over muc 
of the region from the northern portions of New Mexico 
and Arizona to the northern border States, and likewise 
in the western portion of Washington. During the next 
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two days this eastern storm moved off the northeast 
coast, causing widespread precipitation throughout the 
East and frequent thunderstorms and heavy rainfalls. 

On the 10th a low-pressure area extended from the 
upper Lake region southwestward to western Texas, and 
on the 11th was central over the Great Lakes, accom- 
panied by light precipitation throughout the Lake region 
and southward, east of the Mississippi River, to the Gulf; 
and during the next day this area moved out the St. 
Lawrence Valley, with light precipitation prevailing 
throughout most of the Eastern States. 

About the middle of the month high pressure prevailed 
over most northern and central areas east of the Rocky 
Mountains, and was accompanied by generally fair 
weather, but light rain fell throughout much of the South, 
the extreme northern Rocky Mountain region and the 
South Pacific area, and during the next several days 
moderate to light precipitation prevailed over most 
sections of the country. By the 19th precipitation over- 
spread much of the t with some heavy falls in the 
South and Southeast. On the 20th and 21st much colder 
weather moved in from the Northwest, and during the 
next several days a series of low-pressure areas developed 
in the West and Southwest and moved easterly and 
northeasterly, accompanied by precipitation over much 
of the eastern half of the country, the falls being moder- 
ately heavy in many sections. 

On the 28th a precipitation area overspread much of 
the southern half of the Gulf States and moved easterly, 
then northeasterly along the Atlantic coast, and was 
accompanied by heavy rain in some localities near the 
coast. The month closed with generally high pressure 
and fair weather throughout the East, but relatively low 
pressure in the upper Lake region and the southern 
plateau and South Pacific regions, though with light 
precipitation in only a few localities. 

The month was noted as rather windy at many sta- 
tions, as is usual during March; but except for the 
moderate tornadoes that visited portions of the Gulf 
States on the 6th there were few storms of sufficient 
intensity to cause mane winds over extensive areas, 
and wind dam was rather infrequent, as shown by 
the comparatively few instances recorded in the table at 
the end of this section. 

The distribution of the monthly means of pressure is 
— shown in Chart VI, while the departures 

m the normal and changes from the preceding month 
are likewise shown in the insets of Charts II and III. 


TEMPERATURE 


The warm weather that prevailed during much of 
February continued quite generally during the first 
half of March, but from about the 18th onward to 
the end of the month temperature lower than normal 
for the latter part of March was the rule. As a whole, 
the month was cool in the South and in the Ohio Valley, 
but moderately warm in most of the North and prac- 
tically all of the far West. 

The first decade was mainly warmer than normal, 
especially in the north-central and northeastern portions, 
but was somewhat cooler than normal in the south- 
central and southeastern districts, while beginning cold 
in the Rocky Mountain and Plains regions where warmth 
soon replaced the cold weather. 

The week from the 11th to the 18th was decidedly warm, 
as a whole, especially in the central valleys, the upper 
Mississippi Valley, and most of the Missouri Valley, but 
was slightly cooler than normal along the Gulf coast and 
im most parts of the Pacific States. 
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About the 19th there was reaction to colder weather 
in the Great Plains, and low temperatures soon over- 
spread most central deme of the country, reachin 
the Eastern States only about the 22d. To eastward o 
the Mississippi River the freezing weather did not ex- 
tend farther south than the lower Ohio Valley and west- 
ern North Carolina, but considerable portions of the 
pense ge reported temperatures many degrees below 

ezing. 

The seme fortnight was generally cooler than normal, 
notably in the Mississippi Valley and the Lake region 
and from the southern Rocky Mountain region eastward 
to the South Atlantic coast. In the middle Rocky 
Mountain region and the middle and northern Plains 
the weather was mainly warm from the 21st to the 
25th, but cold after the 25th. To westward of the 
Divide and in some Atlantic coast districts north of 
Chesapeake Bay this fortnight was warmer than normal, 
the districts from central California to Puget Sound 
having especially mild weather after the 24th. 

The month averaged warmer than normal along the 
Canadian border, also near the middle Atlantic coast, 
in the upper Mississippi and middle and upper Mis- 
souri Valleys, in nearly all parts of the Plateau region, 
and especially in the Pacific States. The month was 
decidedly cooler than normal in all States that touch 
the Gulf of Mexico, and the oper to temperatures 
below normal prevailed as far north as the interior 
of Maryland, the Ohio Valley, Missouri, Kansas, and 
— Wyoming, also as far as the lower Colorado 

iver. 

The highest temperatures were usually recorded about 
the middle of the month from the Plains States eastward, 
though at scattered dates in the Gulf States, while in 
the far West and the southern Rocky Mountain region 
they usually occurred during the last week. Practically 
throughout the country they were many degrees below 
the highest marks of March in previous years, and 
this was particularly the case to eastward of the Missis- 
sippi River. The highest — reported was 
104° in southern Texas on the 6th. 

The lowest marks occurred generally during the first 
five days, but in the southern Rocky Mountain region 
they occurred about the 28th. They were almost inva- 
riably well within the limits shown by other years. 
The lowest reported was —31° at an elevated station 
in Colorado, but points in Wyoming and Montana re- 
ported —30°. 


PRECIPITATION 


During the first few days of the month rather wide- 
spread precipitation prevailed in much of the East and 
in the an region; however, the falls were moderate to 
light, except in a few localities in the Southeast, where 
thunderstorms occurred. During the latter half of the 
first decade heavy precipitation was received at many 
stations in the South from eastern Mississippi eastward 
and throughout the Atlantic Coast States, also some 
heavy falls were received at this time in central and north- 
ern California. 

During the early part of the second decade generous 
to heavy precipitation was received in the Southeast 
and along the Gulf, and again during the latter part of 
this decade moderately heavy rain fell from Tennessee 
southward to the Gulf and over most of the Florida 
Peninsula. Some heavy falls also occurred in Arizona 
and California and other portions of the far Southwest, 
while moderate amounts were received in the Ohio Valley 
and throughout much of the Atlantic area. 
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Precipitation was general throughout much of the East 
during the greater part of the third decade, the falls being 
fairly heavy in portions of the Southeast during the early 
part of the decade, while toward the latter part moder- 
ately heavy rain fell in the west Gulf States and along 
the South Atlantic coast, and excessive amounts were 
received in much of the Florida Peninsula. Tampa, 
Fla., reported a fall of 5.62 inches for the 24 hours ending 
at 8 a. m. of the 29th. Moderate to generous amounts 
were received in the Northeast and portions of the 
Lake region and far Southwest, also the early portion of 
the decade saw considerable rain in the North Pacific 
region. 

As a whole, the month was one of deficient precipita- 
tion. The shortage was especially marked, and was 
particularly unfortunate because of previous scarcity of 
moisture, in the middle Plains. Most of the middle 
Plateau and the North Pacific States, Oregon, especially, 
had notable shortages; likewise North Dakota, with 
eastern Montana and northern Minnesota. 

There was mainly less precipitation than normal in 
the Missouri Valley, and less in all but a few small por- 
tions of the Mississippi and Ohio Valleys and the upper 
Lake region. Another region of shortage extended from 
the northern portions of Geaegia and South Carolina to 
southern New England. 

More than normal precipitation was received in the 
lower Lake region, northern New York, and most of 
New England; likewise in many portions of the Southeast, 
especially in central and northeastern Florida. 

est. of the Mississippi River there was more precipi- 
tation than normal in large portions of Montana, Idaho, 
and Wyoming, some parts of Texas and New Mexico, 
_ most of Arizona and southern and central Cali- 
ornia. 

The greatest amount so far reported, 12.88 inches, was 
noted at two stations, very far apart, one being in central 
Florida and the other in western Washington. 


SNOWFALL 


The snowfall was mainly less than the average amounts 
of previous March records. In those regions where 
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moderate to considerable quantities are likely to occur 
the short was especially marked in those portions 
of the Middle Atlantic States lying to eastward of the 
Appalachian Divide, and in Minnesota, most of Iowa 
‘ad the Dakotas, and the middle Plains. 

More snow than usual was received from northeastern 
Missouri eastward and northeastward over much of the 
Ohio Valley, especially the northern and eastern parts, 
and over the lower and the southern portion of the 
upper Lake region. In these areas, especially near Lake 
Michigan, the most notable snowstorm of the month 
was particularly felt; this occurred about the 24th to 
27th and was accompanied by high winds, resulting in 
serious drifting and great delay to traffic. . 

In the higher portions of the West the snowfall exceeded 
the normal in much of Montana, and in large portions of 
New Mexico, Arizona, and southern California; yet in 
these last-named States the normal amounts of March 
are not especially large. In the mountainous portions 
of the States of the Pacific Northwest the M show- 
fall was especially scanty. } 

The stored supply of snow in the high mountains of 
the West was mainly of disappointing quantity at the 
end of March. The districts with best prospects for a 
good summer flow were chiefly in the Rocky Mountains 
rom northern Colorado northward. 


RELATIVE HUMIDITY AND CLOUDINESS 


The average relative humidity for the month was 
generally below the normal over most districts, except 
in some of the higher elevations of the Rocky Mountains, 
the northern portions of the Lake region, and extreme 
southern Florida, where the average humidity was 
mainly above the normal. 

In much of the Gulf States, the upper Lake region, 
and the northern Rocky Mountain area, cloudy weather 
seems to have been more prevalent than usual, while in 
many of the central areas more clear weather than usual 
in March was noted. 


SEVERE LOCAL STORMS, MARCH, 1930 
(The table herewith contains such data as have been received concerning severe local storms that occurred during the month. A more complete statement will appear in the Annual 


Report of the Chief of Bureau] 
Width | Loss| Value of fe. 
Place Date Time of path | of ae Character of storm Remarks * Authority 
yards! | life estroyed 
Skene, Miss___.....-._.-.-- 6 | 4:30 p. m 267 2 $20,000 | Tornado.___....._- A number of residences and other small build- | Official, U. 8S. Weather Bu- 
: ings demolished; 12 persons injured. reau. 

Kosciusko, Miss. (5 miles A house and barn wrecked; 2 autos damaged; Do. 
north of). 2 persons injured. 

Gregory, A number of buildings demolished; 5 persons Do 

Homer, is (10 iniles south- 6 | 7:30 p. m_- 300 1 10,000 |..__. ae Several homes demolished; path 8 miles long... Do. 
west of). 

aa line, La. (3 miles west 6 | 9:30 p. m_- ed 5,600 | Tornadic wind--_- Belldings and timber damaged over path Do. 
of). mile long. 

Bellview, N. Mex._........ 14 | 3:15 p. m Small damage; too early for Do 

San Diego, 15 | 8 Hail and wind____. Some damage to tender plants and Do. 

Webster County, Iowa_.... 16 | 8p. 3,500 | Tornado. Damage chiefly to Do. 

Arthur City, Tex. 18 | 4a. A house demolished, amother moved from foun- Do. 

dation, and several unroofed; 1 person injured. 

Kossuth, 18 |. damage to dwelli..zs and out - Do. 

ngs. 

Tennessee (central and east- 1 30,000 | Destructive wind_| Dwellings, churches, schools, timber, etc., dam- Do. 
ern counties). ed; 8 or 10 persons injured. 

Montana (western), Idaho 19| P.m PRES at CTRL TE 0. Telephone and power lines damaged; trees up- | Great Falls (Montana) 
(northern), and Wash- rooted; steel grain storage tank wrecked; sev- Tribune. . 
ington (eastern). eral peas injured. 

Headland, Ala__-.._.._.... 19| 9p.m a 10,000 | Tornado---_-.--._- —~ "aioe damage to property; 1 person seri- | Official, U. 8. Weather Bu- 
y injured. reau. 

96-66 Heavy snow and | Worst storm in history in some places; transpor- Do. 

(southern) and northern wind. tation of all kinds discontinued or delayed; 
Illinois and Indiana. schools closed. 


1 Mi. signifies miles instead of yards, 
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By R. E. Spencer 


Except for moderate losses resulting from the rises in 
the Alabama and Tombigbee systems, floods during 
March were without important consequence. 

In his discussion of the flood in the 2 system, 
the official in charge of the Weather Bureau office at 
Mobile, Ala., refers to the unusual rapi 1 oe the rise in 
the Black Warrior River at Tuscaloosa, Ala.: 

The stage at this station at 8 a. m. on March 6 was 12.3 feet, 
and at the same hour on March 7 it was 48.1 feet—a 24-hour rise 
of 35.8 feet, which is unprecedented since the establishment of 
the station. It was ascertained. from the river observer that the 
stage at 7 p. m. March 6 was about 13 feet, which makes a rise of 
approximately 35 feet in 13 hours. 


Relative to the effects of this flood, Mr. Ashenberger’s 
report continues: 

Only the lowest river bottoms of the Tombigbee from_near 
Demopolis to its confluence with the Alabama and of the Black 
Warrior from its mouth to some distance above Tuscaloosa were 
inundated. Reports from correspondents give the aggregate 
monetary value of property losses as follows: 


Prospective crops (5,000 acres) --_-_-..-...----------- 50, 000 
Livestock and other movable property ___.._-.--------- 1, 900 
Suspension of business__.........._.....--------.---- 38, 000 


Th te of th alue of rt ed 

The Alabama system flood, resulting from somewhat 
unevenly distributed rains on March 6-7 over the Coosa, 
upper Alabama, and tributary streams, did comparatively 
little damage: 


Tangible property (largely roads)_--......-----------.- $3, 000 
Prospective crops (700 acres, mostly corn) ____---.------ 4, 000 


A saving of $3,000 was reported through the use of 
Weather Bureau warnings, in addition to which a con- 
siderable unreported saving in livestock was effected. 

A loss of about $2,500 was the result of an overflow of 
lowlands, caused by an ice gorge which formed on the 
night of March 5-6 in the Missouri River just below 
Vermilion, S. Dak., at the junction of the Vermilion and 
Missouri Rivers. 

Continued high stages*in the Illinois and Wabash 
Rivers were properly forecast and were attended by no 
material damage. 

The Tallahatchie River flood, which still persists, will 
be reported upon when it subsides. 

The usual table of crest stages follows: 


[All dates in March unless otherwise specified] 


Above flood Crest 
Flood stages—dates 
River and station stage 
From—| To— | Stage Date 
ATLANTIC DRAINAGE 
Feet Feet 
James: Columbia, Va 18 8 9 19.0 8 
— Randolph, Va-.-.--.---------} 21 9 9} 21.5 9 
5| 13.3 Feb. 23 
Rimini, 8. C 12 ll 16 12.6 13 
22 25 12.8 25 
() 3 12.6 Feb. 24 
Ferguson, 8. C 12 ) 19 12.9 14 
23 27 12.4 25 
: Evere 
Ocmulgee: Abbeville, ll 15 16 11.3 15 


3 Continued at end of month. 


! Continued from last month. 
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Above flood 
Flood | Crest 
River and station stage 
denial To— | Stage Date 
EAST GULF DRAINAGE Fest 
Alabama: Selma, 35.8 12 
Lock No. 4, Lincoln, Ala_........-. 17 7 13 19.7 8 
Etowah: Canton, Ga...........-...--.- ll 7 8 18. 2 7 
Cahaba: Centerville, Ala___..........-- 25 7 8 26.5 7 
Tombigbee: Lock No. 4, Demopolis, 
y belies 39 9 19 49.7 15 
Black Warrior: Lock No. 10, Tusea- 
4 7 10 58.5 8 
West : Pearl River, ba___-- 1 6 8| 184 7 
GREAT LAKES DRAINAGE 
: Saginaw. 19 2) 20,7 Feb. 27 
Flint: Fin ll 1} 128 Feb. 25 
rand: 
Eaton Rapids, Mich.-.-.-.-..-.-_- 5 () 2 5.4 Feb. 22 
Grand Rapids, ll () 3 13.3 Feb. 28 
MISSISSIPP] DRAINAGE 
Tuscarawas: Coshocton, 1 12.0 Feb, 27 
Athens, Ohio. 17 9 9 17.5 
Covi 16 ) 2 18.9 
Terre ite, L 16 (4) 2 16.4 1-2 
14 6 14.8 5 
Mt. C 16} () 19.8 
Tippecanoe, Norway, Ind.---.....-.-.- 6 (4) 2 6.5 | Feb. a and 
ar. 
White, West Fork 
Edwardsport, Ind_..-.--.------.--.. 15 (4) 4 17.8 
Elk: Fayetteville, Tenn--.-..--.----.-- 14 9 18.0 7 
14 () 17 18.4 Feb, 27 
10 (4) 13 12.6 2 
p 14 1 21 16.5 45 
Beardstown, 14 23 18,0 5-6 
Meramec: 
Valley Park, Mo....-.....---.----- 14 (Q) 1 15.6 Feb. 27 
St. Francis: 
Wis 20 () 1 22.5 Feb. 28 
Missouri: Wolf Point, Mont--.--.__-..- 17 30 30 17.7 30 
Yellowstone: Miles City, Mont_____... 13 14 14 14.1 14 
Arkansas: Yancopin, 29 | (1) 4| 35.0] Jan, 27-30 
Black: Corning, ll 16 12.0 4-5 
Tallahatchie: Swan Lake, Miss--__._... 25 () (2) 31.9 Jan. 27-29 
1 Continued from last month. 3 Below flood stage at 8 a. m., Mar. 1. 


2 Continued at end of month. 


EFFECT OF WEATHER ON CROPS AND FARMING 
OPERATIONS, MARCH, 1930 


By J. B. Kincer 


General summary.—During the first decade the gener- 
ally mild conditions, with much sunshine, in the central 
valleys and West, made a favorable period, although 
there were some unfavorably heavy rains in the South- 
east; the additional moisture was beneficial in some parts 
of this section. Cold weather caused some harm to 
tender truck in east Gulf States, with considerable injury 
indicated in Florida. Winter grains continued to make 
satisfactory advance in the principal producing sections, 
except for too much moisture in parts of the Ohio Valley 
and continued dryness in the Southwest. Preparations 
for corn planting made good progress, with considerable 
put in throughout the Gulf section and seeding became 
well advanced in eastern Texas. Rains interfered with 
work in the eastern Cotton Belt, but much land had been 
prepares, while planting progressed in southern Texas 
and considerable cotton was up. 

During the second decade weather conditions continued 
largely favorable for agricultural operations, although 
there was some delay by showers to field work in parts 
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of the Southeast; seasonal work was well up in general, 
with corn being planted as far north as southern Okla- 
homa and central Arkansas. Light to moderate rains 
were beneficial in Ohio Valley sections and local precipita- 
tion was received in the droughty Southwest, but over a 
considerable area moisture was badly needed. Some 
snow remained in the northern Spring-Wheat Belt, but 
considerable plowing and disking were accomplished in 
the south and a little spring wheat was sown in north- 
western Iowa. Conditions were generally favorable in 
the Cotton Belt and much preparation of the soil for 
planting was done; seeding continued in Texas. Vegeta- 
tion advanced rapidly during the week, and fruit trees were 
showing color northward to the lower Ohio Valley. 

During the Jast decade cold weather retarded the 

wth of vegetation and slowed up farm work generally. 
he coolness was especially marked in the central valley 
States and the South, with considerable harm to tender 
vegetation and some damage to fruit bloom as far north 
as parts of the Ohio Valley. Precipitation was beneficial 
locally in the Southwest, but moisture was still needed 
over much of the area, especially in Oklahoma and adjoin- 
ing States. Low temperatures and dry soil were unfa- 
vorable for winter wheat in this area, but snows were 
helpful in the Ohio Valley. Preparations for planting in 
the Corn Belt were large Boers due to wetness, cool- 
ness, and frozen soil in the northern part, while in the 
more southern sections little work was done. Very little 
cotton was put in during the period; preparation of seed 
beds had been retarded, but this work was generally well 
up. Progress of cotton was poor in Texas and much seed 
lost, due to unfavorable weather for germination. 

Small grains.—During the first decade there were still 
reports of unfavorable freezing and thawing in the Ohio 
Valley and condition of winter wheat varied widely there. 
Mostly satisfactory advance was made in the western por- 
tions of the belt, except that rain would have helped in 
Kansas and other parts of the Southwest. Favorable 
conditions continued in the South and East. Plowing 
and spring oat sowing had advanced to the Ohio Valley. 
During the second decade condition of winter wheat con- 
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finued to vary widely in the Ohio Valley and but little 
change was noted in the more western parts of the belt; 
moisture was locally beneficial in Kansas, with but little 
damage noted from soil blowing. The general condition 
of the crop remained largely unchanged in most of the 
South, East, and Northwest. Plowing and disking for 
oats progressed northward to South Dakota, with oats 

ut in as far north as southern Iowa and Nebraska and a 
ittle spring wheat seeded locally in Iowa and southern 
South Dakota. During the last decade winter wheat 
was benefited by snow in the western Ohio Valley and 
the crop was holding up well. In the central and south- 
western parts of the belt precipitation was badly needed 
with marked deterioration appearing in south-central.an 
western Kansas. Winter cereal crops did well inthe 
East, but in the Northwest a need of moisture was agai 
apparent. Some oats were put in during the period, but 
spring wheat seeding was retarded by frozen ground in 
places. Oats made only slow growth in the Southeast 
and the soil was generally too dry and cold for proper 
germination of seed. 

Miscellaneous crops.—Pastures and meadows 
up rapidly in the East during the first two decades, but 
the cold weather the latter part of the month generally 
stopped growth. In the great western grazing sections 
conditions were mostly favorable, with fe light 
throughout and the range furnishing some feed. Gener- 
ous to heavy rains in parts of the far Southwest were 
highly beneficial. Some slight shrinkage occurred toward 
the close of the month, but livestock were favored gen- 
erally, with lambing proceeding satisfactorily. 

There was some frost damage to tender varieties of 
truck during the first and last decades, especially in the 
Florida Peninsula early in the month, when local injury 
occurred south to the Miami district. Gardens and 
truck did well in most sections, however, with the warmth 
during the middle period especially favorable in helping 
overcome the effects of the frosts. Some slight injury to 
fruit trees and bloom was reported during the cold 
weather, but favorable retardation was reported from 
many parts. 


WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


NORTH ATLANTIC OCEAN 
By F. A. Youne 


The most unusual feature of the weather over the North 
Atlantic during March was the unequal distribution of 
gales, as the number of days in which they occurred was 
bss much below the normal over the northern section, 
and equal to or above over the southern. Up to time of 
writing gales have not been reported on more than k day 
in any 5° square north of the fiftieth parallel, while 
between the thirtieth and thirty-fifth parallels and twen- 
tieth to sixtieth meridians they occurred on from 2 to 6 
days, the maximum being in the square immediately 
north of the Azores. 

As shown in Table 1, the average monthly pressure at 
stations on the American coast north of Hatteras was 
considerably below normal, while on the British Isles the 
negative departures were comparatively small. 

og was observed in different localities as follows: Over 
the Grand Banks, from 9 to 14 days; along the American 
coast between Hatteras and Nova Scotia, from 6 to 8 
days; in the Gulf of Mexico, from 1 to 3 days; in the 
vicinity of the Azores, from 1 to 2 days; and on not more 


than 1 day in any 5° square east of the thirty-fifth 
meridian. 


TABLE 1.—Averages, departures, and extremes of ays pressure 
- aT 8 a. m. (seventy-fifth meridian). North Atlantic Ocean, 
arch, 1930 


Average| Depar- 
Stations pressure| ture Highest| Date | Lowest | Date 
Inches Inch Inches Inches 

Julianehaab, Greenland_-.-___- 29. 82 () 30.32 | 15th....| 29.36 | 11th. 
Belle Isle, Newfoundland. 29.66 | —20.14 30. 34. | 8th... 28. 84 | 2ist. 
Halifax, Nova Scotia_._.._._._- 29.69 | —* 0. 27 30. 36 | Ist_.... 28.94 | 3d. 
29.78 | —3 0. 24 30. 34 | 15th. 29. 28 | 19th. 
29.92 | —? 0.18 30.32 | 15th__.. 29. 24 | 8th. 
29.99 | 0.09 30.18 | 27th 4 29. 76 | 8th. 
New ,Orleanain,..5....-.s-..-.: 30.04 | —3 0.05 30.44 | 3d... 29.52 | 7th. 
Cape Gracias, Nicaragua------ 29.92 | —? 0.06 29.98 | Ist 4. 29.82 | 7th.‘ 
Parks - 30.07 | +2 0.05 30, 24 | Ist..... 29.96 | 16th. 
29.99 | —30.15 30. 24 | Ist..... 29.70 | 9th. 
Horta, 30. 04 | —? 0.08 30. 58 | 11th. 29.46 | 20th. 
Lerwick, Shetland Islands-_-_- 29. 67 | —2 0.03 30. 50 | Ist_.__- 29.06 | 29th. 
Valencia, 29.82 | —2 0.08 30. 50 | Ist..._. 29.08 | 15th. 
29.87 | —? 0.09 30. 50 |. 29.17 | 16th. 


i No normal available. . 

2 From normals shown on Hydrographic Office Pilot Charts, based on observations at 
Greenwich mean noon, or 7 a. m., seventy-fifth meridian time. 

3 From normals based on 8 a. m. observations. 

4 And on other date or dates, 
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Charts VIII to XI cover the period from the 1st to 4th, 
inclusive, when heavy weather prevailed over the middle 
and western sections of the ocean. 

On the 5th a severe disturbance was central about 400 
miles south of the Azores, with a secondary Low about 
the same distance south of St. Johns, Newfoundland, 
—_ anticyclonic conditions prevailed over the British 
Isles. 

On the 6th and 7th a depression, that on the latter date 
was central in western Kentucky, extended as far south 
as the Gulf of Mexico, with barometric readings on the 
7th of 29.52 inches at. both New Orleans and Pensacola. 
On the 8th New York, with a reading of 29.08 inches, 
was near the center of this Low, and on that day 
as well as the 9th westerly gales prevailed along the 
American coast, between the twenty-fifth and fortieth 
parallels. 

From the 10th to 12th the Azores nicH and Icelandic 
Low were both well developed, and during that period 
northerly to westerly gales occurred between the twenty- 
fifth meridian and European coast. e 

From the 13th to 15th a Low was over the western 
section of the ocean that reached its greatest intensity on 
the 14th, with westerly winds of force 7 to 9 between the 
thirty-fifth and fortieth parallels and fiftieth to sixtieth 
meridians; on the 15th northerly gales also occurred over 
the steamer lanes between the twentieth and thirtieth 
meridians. 
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- On the 18th and 19th, the central section of the ocean 
was covered by a disturbance that on the former date 
extended from the thirtieth to forty-fifth parallels. On 
the 20th the center of this Low was about 300 miles north 
of the Azores, where strong westerly gales prevailed. 

On the 22d Belle Isle, Newfoundland, was near the 
center of a deep Low, with westerly winds of force 7 to 9 
between the fortieth and forty-fifth parallels. From the 
23d to 25th moderate weather was the rule over the 
ocean as a whole, although a few vessels reported winds 
of force 7 and 8 during this period. 

On the 26th and 27th a depression was over Maine and 
the Province of Quebec, with resultant westerly gales 
along the coast from Hatteras to Nantucket. On the 
26th there was also a Low central near 50° N., 35° W. 
that moved slowly eastward, and on the 28th was off the 
coast of Ireland, the storm area then extending from the 
forth-fifth to fifty-fifth parallels, and tenth to twenty- 
fifth meridians. 

A. depression that on the 29th was central near 50° N.., 
40° W., developed later into the most severe disturbance 
of the month, and on the 30th the steamer lanes east of 
the fifty-fifth meridian were swept by moderate to strong 
westerly gales. By the 31st the disturbance had con- 
tracted somewhat in extent but increased in intensity, as 
vessels between the Azores and fiftieth parallel on that 
date, encountered winds of hurricane force, as shown by 
reports in storm table. 


OCEAN GALES AND STORMS, MARCH, 1930 


oyage Position at time of Direc- | Direction | Direc- 
% lowest barometer Time of Lo¥- | tion of | and force | tion of | Highest | grits of wind 
Vessel Gale | lowest Gale ba- | Wind | ofwind | wind | force of near tints of 
began | barom- | ended when | attimeof| when | wind and 
From— To— _| Latitude} Longit cer | | lowest | gale | direction | Derometer 
| barometer | ended 
NORTH ATLANTIC OCEAN 
Mercer, Am. 8. S_.......| Liverpool....| Boston... 4555 N 3905 Mar. —, L..-.| Mar. 29.65 | NNW NNW, 7..| NNW NNW, 10_! Stead 
Calgarolite, Br. M. S....| Lobitos, Peru) Halifax.......| 36 36 N | 6641 Mar. 2/ 8a, 2....| Mar. 29.43 | SW, 8....| NW-....| NW, 9....| SW-W-NW 
Tomalva, Am. 8. S......| Rotterdam-...| 46 20N | 4038 W do. la, 2....| Mar. 2 | 29.80; NNW. NNW, NNW, NNW-N 
Schindler, Ger. | Curacao......| Hamburg..../ 43 14 N | 26 16W | Mar. 1 | Noon, 29,41 | SSE....; 8, —......| WSW--| —, 10.....- S-WSW 
Texan, Am, S, S......... Philadelphia_| 4142 6945 Mar. 2] 7a,3._..| Mar. 3 | 29.21 | NW-....| WNW,10.| NW-.... WNW, 10. NW-WNW 
Kentuckian, Am. S. S...| Canal Zone...| New York...| 2941 N | 7440W]| Mar. 2p,3_.._| Mar. 4 | 29.79 | NW-...; NW, 9_...| NW-...| NW, 9.... WNW-NNW 
Ossining, Am. 8. 8......} Algiers. ...... Balt 3432 N | 52 57 W 4a, 29.56 | SW....) W, 10_...- W, 10_.... ~W. 
Grete, Ger. 8. S.........| Ham ....| Savannah....| 40 00 N | 2400 Mar. 4] 4p,4....| Mar. 6 | 29.61 | Var..-.| ESE, 6....| NNW -| NNE, 10..| E-N-NNW 
Darian, Br. 8. 8...----.- Liverpool....| Boston...._.. 4209 N| 4554W| Mar. 5| 8a, 5....|_-.do 29.83 | WSW_.| WSW, —| NW....| —, SW-W-NW 
St. Joseph, Fr. 8. 8......| Bordeaux__._| Pointe-a-Pitre} 3245 N | 27 28 Mar. 4/| 3p, 5....| Mar. 7 | 29.49| NNW NNW, NNW, 11 | Steady. 
Gulfking, Am. 8. 8......| Charleston...| Port Arthur._| 30 30 N | 8030 W| Mar. 7 | 9a, 29.38 | 8....... —, 10-..... 
Ossining, Am. 8. ers. ...... Baltimore._..| 36 07 N | 7155 W | Mar. 8/| 1a, 8...) M 8 | 29.16 | -W. 
Edgemoor, Am. 8. S.....! 36 20 N |} 7215 Mar. 9/ 10p, 9--.| Mar. 10 | 29.39 | WNW_| WNW,7_-| NNW WNW,9... WNW-NNW 
Frederik VIII, Dan. 8.S_} Oslo.......... 56 50 N |} 18 33 Mar. 10 | 4a, 29.65 | WNW-| W------ teady. 
Spidoleine, Belg. M.S...| Amsterdam_.} Galveston....| 49 05 N 6 13 W 4 p, 10...| Mar. 13 | 29.97) NNW .| NNW, WNW. NW,10 | NNW-W 
Exford, Am. 8. Lisbon. New York...| 37 10 N | 6430 W | Mar. 12| 6p, 20.66 | SSW...| W, 7..---- Wi S-W-NW 
esby, Br. 8. S.......| M ...| Hamburg....| 48 30 N 5 30 W| Mar. 9 a, 12__.| Mar. 12} 29.446; WNW.| WNW, WNW, 10.| W-NW 
Silverbelle, Br. M. 8....| Port Said_...| New York...| 3618 N | 49 30 Mar. 13 9p, 13_..| Mar. 15 | 29.53 | Pee W-WNW 
McKeesport, Am. New York...) 48 55 N | 18 30 W |--do...... 4a, 23.98 | NNW .| N,7 NE....) NW, 10.-- 
Hellig Olav, Dan. 8. 8....|-.--- do........ | Christiansand) 54 20 N | 2422 W Mar. 14 | 4p, 29.41 , 6 ENE N, 10..--.. N-ENE 
Wytheville, Am. 8. 8....| Antwerp_-_.. New York...| 44 26 N | 45 45 W/ Mar. 18 oon, Mar. 20 | 28.82 | SSW...) NNE, W-.-.-- NW, 
Reventazon, Br. 8. 8... Pome Cas- | Bremerhaven} 39 00 N | 65 00 W |-.-.do-....- 9 p, 19...| Mar. 19 | 29.46 | SSW...| NW, —...| NW-....| W, 12..-.. WSW-NW 
Berlin, Ger. 8. 8........- New York...| 4413 N| 4019 W do. do. 20.07 | SW....| WSW, 12 | NW.--.| —, 12---..-. SW-WNW 
Exarch, Am. S........| New York...| Gibraltar_....| 38 15 N | 21 Mar. 20| 4p, 20.._| Mar. 21 | 20.24; WSW..| WSW,9 | NW-.-.., W, 10_---- w- 
Enton, Br. M. Falmouth._..| Halifax_...... 4709 N| 37 09 W| Mar. 11 p, Mar. 22 | 20.49 | 8S, SE-W 
Fines Canal Zone...| New Orleans_| 27 02 N | 88 13 W | Mar. 25 | 3 a, 25...) Mar. 25 | 29.83 | NW-....| NW, W------ NW, 9.. 
m. 5. 5. 
Waukegan, Am. 8. S_...| New York...| Havre........| 47 05 N | 2900 Mar. 29 4p, 29...| Mar. 31 | 29.38 | WSW..| WSW, 8-_.| NNW _| NW, 12.__| SSW-WNW 
Novian, Br. S.........| Liverpool....| Boston.......| 42 55 N | 3947 W | Mar. 30| 6p, 28.94 SW, NW...- SSW-SW 
West Madaket, Am.S.S_| Mobile...----| 4005 27 45 W 2p, 31.... Apr. 1 | 29.40| SW....| WSW, —_| | 
NORTH PACIFIC OCEAN 
Choyo Maru, Jap. 8. S..| Seattle. Yokohama...| 55 00 N | 168 02 W | Feb. 28 | 6p, Mar. 1 | 28.89 | SE_.... WSW..| S, 10...-.- 
Yukon, Am. 8. do. Seward At Seward, Alaska.|...do.....| 7p, 28... Mar. 2 |-..---- 
Tecumseh, Br. 8. S......| San Pedro....| Nagasaki_.... 32 34.N | 165 OOE ar. 10 a, 20.45 | WSW, 12_| NW-..... WSW, SSW-WSW-N 
Nebraskan, Am. 8. S....| Los Angeles... New York...| 13 18 N | 94 35 W P, 2....; Mar. 3 | 20.98 | NE....| —, 8....... | —, 8....--. 
Wisconsin, Am. 8, 8.....| Portland..... 51 26 N | 170 55 W 29.32 | SE..... 8, SW..-.| SW, 11....| SE-S-SW 
yu M Jap. 8. S._| Muroran.....| Port -| 49 39 ar. Pp, 3...; Mar. ’ — , 
Canadian Invent, Br. | anama......| 39 17 N | 12404 W Mar. 4| Mar. 5 | 29.57 | SE___.. SSE, 9...- 
. 8. | 
Choyo Maru, Jap. S. Seattle....... Yokohama...| 51 53 N | 166 22E | Mar. 7/ 8p,7----. Mar. 7 | 29.57 | W-N 
Olympia, Am. Taku Bar.__.| Seattle. 45 49. N | 164 20 E | Mar. 10 | 2a, Mar. 11 | 29.35 | SE_..-- NW....' SW, 9.-..- SE-S-SW 
Oridono Maru, Jap. 8. 8.| Yok ...| Willapa.....- 60 11 N | 163 35 W |...do.....| Mdt, 10_'_..do____. 29.89 | SSW_..| SSW, 9---- SW..-. SSW, 9..... SSW-SW 
Hakonesa Maru, Jap. | Vancouver...| Yoko 72] 52 02.N | 149 52 W | Mar. ii | 6a, 12...) Mar. 12 |.....- SW....| WNW, 7... WNW. WNW, 9... W-WNW 
| | 
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Voyage Position at time of Direc- | Direction j 
Time of Lo¥-| tion of | and force | tion of | Highest | of wind 
Vessel Gale lowest Gale ba wind of wind wind force of 
began | barom- | ended | pom. | When | at time of/ when | wind and barometer 
iow! 
NORTH PACIFIC OCEAN— { 
Inches 

Aden Maru, & 8...) Miike........| Dloilo_....... -| 2933. N | 128 10E | Mar: 12 | 2p, 12...) Mar. 13) 29.20} SW, —....) 8W, 10_...| SE-SW-W 
Tacoma, Am. 8. Manila____._. San Francisco) 42 15 N | 135 20 W |__-do.___- 10 p, Mar. 16 | 29.97 | NW_.-.| N, 9..--..- NNE., .|_N, 9.....-- N-NNE 
Benghalis, Du. 8. S......| Borneo._.._.. Los Angeles__| 83 10 N | 131 30 W Mar. 13 | 2p, 14...) Mar. 15 | 29.80 |} NNW_. NW, NW... NW, 10. ._| Steady 
Makua, Am. 8. -| Hawaii.......| San Francisco) 36 15.N | 126 20 W | Mar. 14 |----....-. Mar. 14 | 29.46 | NW....| NW, NW, D 
Wisconsin, Am. 8. Shanghai__._.| 50 01 N | 177 20E | Mar. 7 | 2p,8-..--| Mar. 9 | 20.46 | W...-- WSW, —..| NW....| WSW, ll | WSW- 

| 49 44.N 176 00 E | Mar. 10 | Mar. 11 | 29.21 | S____-..| 8, 8.......| SE, 8-S 

.-.do. do 44 06 N | 151 Mar. 14 | 8 p, 14...| Mar. 15 | 29.63 | ESE...| ESE, 7__.. ESE, 9_...| ESE-S 
California, Am. 8. 8.._...| Meridian 180°} San Francisco| 45 10 N | 175 26 Mar. 16 | 8 p, 16._.| Mar. 16 | 29.31 | N.-__-- SRR SE__._- NW, 10...| N-NNW. 
Jap. | 46 36 N | 174 20 W j__.do...__| 8 p, 17...| Mar. 18 | 29.67 NNE-..| NE, 10.__.. E......| NE, ll....| NNE-ENE 
Emp. of Asia, Br. 8. 8 do Vancouver...) 49 82.N | 164 17 E | Mar. 17 | 1 p, 19._.| Mar. 19 | 29.79 | NE___.| NNE, 6.__| NE..._] NE, 10....| 8 
Pres. Madison, Am. 8. Victoria... ..- 48 50 N | 144 18 W | Mar. 16 | 44, 21...| Mar. 22 | 29.24 | N___.-- NE, 11....| E-W 
Ethan Allen, Am. 8. 8_.| San Pedro....| Kobe__......- 32 45 N | 140°50 E | Mar. 20 | 7p, 20._.| Mar. 21 | 29.67 | NNE__| NNE, 6__.| NNE_-_| NNE, 0. i 
Nevada, Am. 8. Astoria._..... N | 146* E |_..do..... 4a, 21...; Mar. 22 | 20.42 | S_...... B,10....-. NNW-_| NNW, 11.) ESE- 
Tecumseh, Br. 8. 8_.....| Yokohama...’ San Pedro_.._| 38 43 N | 153 30 E | Mar. 21 | 7p, 21___| Mar. 21 | 29.25 | SE_.___ SSE, 11__.| SW__..| SSE, 11...) SE-SSE 
Maru, Jap. | Vancouver...' Yokohama_._! 42 00 N | 149 20 E | Mar. 20 | 3 a, 22__. 24 | 28.92 | SE_....| ESE, 4....| NW....| NW, 12.._| ESE-NW 
Pres. Pierce, Am. 8. Yokohama._.| San Franciseo| 29 44 N | 178 15 W | Mar. 23. 6 Dp, 29.56 | SW....| WNW, 9.- -| WNW, 2 pts. 
Steelmaker, Am. S. S._...| Honolulu....| Yokohama...j 28 34 N |. 157 33 E | Mar. 26 | 6a, 26...| Mar. 28 29.62 | SE..... E, 8...... NNE..| NNE, 9... 

32 15 N | 146 01 E | Mar. 29 | 2a, 29.__| Mar. 30 30.15 | 8, 8 SSW-...| SSW, 10__.| W-NW 
Northwestern, Am. 8. 8.| Seward...._..| Seattle..._._. 60 35 N | 146 15 W | Mar. 31 | 8 a, 31___| Mar. 31 29. 28 ~---| —, 6.......) SE... SW, 9....- E-SW 


NORTH PACIFIC OCEAN 
By Wituis E. Hurp 
Following upon the abnormal conditions of mean 


- monthly atmospheric pressure which prevailed over some 


eastern parts of the North Pacific Ocean during the past 
January and February, the pressure of March settled 
more nearly into average. e Aleutian cyclone, while 
it spread on several days over a large area in the central 
Pacific, at times extending into the Tropics, was central 
over the upper western waters of the Gulf of Alaska, the 
minimum station average being 29.71 inches, at Kodiak. 
The mean pressures over the eastern part of the Bering 
Sea were raised considerably by the passage of an anti- 
cyclone of great magnitude during the 16th to 20th. The 
HIGH crested at Dutch Harbor and St. Paul on the 17th, 
giving maxima of 30.78 and 31.06 inches, respectively, 
which extreme readings appear to be the record high for 
March at these stations, and near record at Dutch Harbor 
for all months, being exceeded only in January, 1916, and 
February, 1922. 

The California-Pacific anticyclone attained a high state 
of development which persisted through the greater part 
of the month. A feature was its local intrusion upon the 
coast of Washington and vicinity, where monthly pressures 
above normal occurred, whereas farther north and south 
coastal averages were below the normal. 

Much high pressure prevailed on the Asiatic coast and 
over adjacent waters, resulting in some activity of the 
northeast monsoon. Its regularity, however, was con- 
siderably broken by several disturbances in low latitudes, 
one of which became a typhoon, and by several rather 
deep depressions which entered or formed over upper 
waters. 


Barometric data for several island and coast, stations 
in west longitudes, including Point Barrow on the Arctic 
Ocean, are given in the following table: 


TaBLe 1.—Averages, depariures, and extremes of atmospheric pres- 
sure at sea level at indicated hours, North Pacific Ocean and adjacent 
waters, March, 1930 


Stations pres- Highest! Date | Lowest | Date 


Inches Inch Inches Inches 
Point Barrow 30. 74 | 17th... 29, 22 | Ist. 
Duteh Harbor 29.85 +0.11 30.78 | 17th....| 29.20 | 26th. 
29.86} +0.11 31.06 | 17th 29.16 | 4th. 
29. 71 —0. 04 30. 52 | 18th.._- 28. 86 | Sth.? 
Midway Island !__..-....._... 30.07 | —0.01 30. 42 -.-| 29.56 | 23d. 
30.02 | —0.02 30.16 | 4th... 29. 84 | 23d. 
29.80; —0.14 30.70 | 29th....| 20.25 | 7th. 
Tatoosh Island *4__._..._..__.. 30.07 | +0.09 30.43 | 26th... 29. 58 | 2ist. 
San Francisco 29.98 | —0.07 30. 34 -----| 29.37 | 14th. 
Diego 29.97 —0. 05 30.20 | 2ist.... 29.61 | 14th. 

1 P. m. observations only. 

2 And on other date. 

3 A. m. and p. m. observations. 

4 Corrected to 24-hour mean. 


The month may properly be called a stormy one on the 
North Pacific, since the vessel record, incomplete though 
it doubtless is at the present writing, shows eight days on 
which full storm to hurricane velocities occurred, in addi- 
tion to several other days with whole gales. On the 
whole, however, storm conditions were less pronounced 
and widespread than in February, and much less so than 
in January, while they were only slightly more severe 
than in November and December of last year. For the 
entire period of five months it may safely be said there 
was an unusal succession of stormy weather. The higher 
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wind forces of March were encountered on the 2d, 3d, 
8th, 10th, 17th, 18th, 21st, and 22d, with strong proba- 
bilities of their occurrence on one or more other dates. 

On the 2d hurricane velocities were recorded in 32°-33° 
north latitude, 165° east longitude, in connection with 
what was apparently a fairly deep but short-lived cyclone. 
On the 3d, 17th, and 18th winds of force 11 occurred 
immediately south of the central Aleutians, and of lesser 
force over a considerably larger area. 
10th the heavy gales were apparently confined to the 
western Aleutians. 

The storm to hurricane velocities which were reported 
for the 21st and 22d are credited to the only typhoon 
of the month. This tropical cyclone originated, accordi 
to current information, southeast of Taiwan on the 19th. 
It moved northeastward, skirting the southern Japanese 
coast on the Pacific side, where it caused whole gales 
on the 20th 
developing hurricane velocities on the two following 
days which persisted until the storm was east of Yezo, 
when it began losing vigor. On the 24th, when south of 
Kamchatka, it turned eastward, then again northeastward 
toward the Aleutian Islands, where it seems to have 
become identified with the semipermanent Low of that 
region. Crossing the islands on the 27th, it moved 
northward as a shallow depression, and lost identity on 
the 28th south of Nome. _ 

In addition to the severer gales mentioned as occurring 
south of the Aleutians, lesser gales, fresh to whole, were 
experienced along the northern routes across this region 
from the Ist to the 16th. In the Eastern and Japan 
Seas moderately severe gales occurred on the 12th and 
13th, associated with a rather deep depression which 
eget in the upper part of the China Sea on the 
11th and moved northward gaining intensity for two 
wes, — practically dispersing in the Japan Sea on 


In the neighborhood of Midway Island fresh to strong 
gales were experienced by vessels on the 20th to 27th 


in connection with a disturbance which developed in 
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and when east of Hondo became intense, 
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on of a trough of low pressure which 
extended from Alaska to the tropics. After reaching its 
fullest development north of Midway on the 23d, on 
which date pressure at the island dropped to 29.56 
inches, the disturbance slowly withdrew to upper waters. 

Between California and a region about midway thence 
to the Hawaiian Islands, two somewhat energetic cyclones 
occurred during the initial half of the month. The 
earlier, which began in otros, caused fresh to whole 
gales from the 1st. to the 4th of March midway along the 
routes, and on the 4th along the upper California coast. 
The second, which formed near San Francisco on the 
13th, as the result of a westward extension of a cyclone 
central over Nevada, developed on the 14th and 15th 
off the coast, and caused moderate to whole gales at sea 
between the one hundred and twenty-fifth and one 
hundred and thirty-fifth meridians. 

Fresh to strong gales occurred on several days in the 
upper part of the Gulf of Alaska, and on one day, the 
24th, off Lower California. 

Northers of force 8 blew in the Gulf of Tehuantepec 
on the 2d and 9th. $ 

The prevailing wind direction at Honolulu was from 
the east, with a maximum velocity at the rate of 32 miles 
an hour from the same direction on the 2d. It was a 
more than ordinarily windy March at this station. 

Fog, while comparatively infrequent, was more widely 
and uniformly distribu over the middle and up 
ocean than it had been for several months, now appea 
on about 5 to 10 ad cent of the days in upper east long? 
tudes, where it had been practically absent since the 
preceding autumn. Fog occurred on one to five days in 
west longitudes nearly along the fiftieth parallel, and on 
three to six days along the coast of the United States, 
where there was a marked decrease in its formation from 
that of February. On the night of the 25th-26th dense 
fog set in at the mouth of the Columbia River, where 
the French steamship Arkansas reported six ships in 
close proximity to each other lying at anchor waiting 
for it to clear. 
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MONTHLY WEATHER REVIEW 


CLIMATOLOGICAL TABLES’ 
CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
f monthly average temperature and total rainfall; the stations reporting the highest and lowest. temperatures, with 
; dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 


Manca, 1930 


The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. 


The mean departures from normal temperatures and precipitation are based only on records from stations that 


- | have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 


stations. 


Condensed climatological summary of temperature and precipitation by sections, March, 1930 


1 For description of tables and see REVIEW, J: a . 37. 
: oly charts, anuary, 1930, p. 


Temperature ‘ Precipitation 
Monthly extremes Greatest monthly Least monthly 
a a 
8 a3 Station Station Station : Station i 
oF, | °F. oF. oF. In. In. In. In. 
52.4 | —3.7 | Brewton (near) 81 17 | 19| 5.64| —0.09 INO. 8.51 | Seven 2, 22 
51.8 |} Parker. 102 26 | Fort 1 || 2.06 | +0.92 | Crown 5.71 | Agua Caliente....... 0.00 
= 50.4 —2.3 | Harrison..........-. 83 20 | 2stations............ 15 2 221 | —2 53 | 7.55 | Gravette............ 0. 54 
California.-_.......... 51.9 | +1.3 | Greenland Ranch..-| 100 25 | Sierraville_..-....... -8 1 |} 3.29 | —0. 56 uirrel Inn_.......-. 9.14 ---| 0.07 
32.5 | —1.8 Holly. 82 ....... —31 27 || 0.89 | —0.44 | Savage Basin........| 6.30 0.00 
62.0 | —3.7| 91| 23 6stations........... 28| |] 7.87 | 44.31 | 12.88 | Coral Gables........ 2.12 
52.4 | —43 | Wayeross........... 82 1 | 14 3 || 5.77 | +0.98 |} Thomasville. ....... 10. 66 | Hartwell.......... 25 
38.1) +20 79 11 | Big 3} 1.31) —0.25 632; Dubois_............. 
on. 
‘ = 40.3 | —0.3 | Pontiac............- 80 16 | Aledo 7 2 || 1.54 | —1.67 | Chicago__...-......- 3.46 | Astoria..............| 0.43 
39.4 | —1.3 | 76} 216) 4 3 1.82 | —2.04/ La 4.23 | Princeton..-........ 071 
37.3 | +27 80} 16 | Mount 2.42 | 0. 4 
42.3 | —1.5 | 4 stations__..........| 81 | #12) St. 0 3 0.29 | —1.15 | 0.97 | Ness City...........| 0.00 
| 44.5) —1.8 | Lovelaceville........ 76 15 | Mount Sterling---_-. 9 3 || 217 | —2.53 | Vanceburg.......... 4. 25 0. 97 
56.7 | —4.0 | 2stations............ $4 | 217 | 3 2 4 3.63 | —1.04| Paradis............. 7. 64 | Shreveport.......... 1,% 
42.4) —0.2 do 77| 47 Md....... 4 5 || 214 | —1.62 Stee. Sanatorium, | 4.45 ons, Md......; 0.65 
29.8} 0.0 | 74| 16 | -15| 14 || -0.56 Sack Bay 3.82 | --| O34 
27.8 | +1.7 | 5 75 16 | Park —21 2 || 0.50 | —0. 64 iver Bridge} 2.33 | 2stations............| 
54.1 | —2.8 | 2stations...........| 729 olly 22 3 || 4.10 | —1.70 | 6.90 | Austin.............- 2. 06 
43.2 | —0.7 | Grant 6 2 || 1.37 | —1. 65 | Caruthersville......| 4.50 | Nevada.............| 0.04 
30.5 | +0.4 | Upper Yaak River..| 75 | 28 | Hebgen —30 3 || 0.90 | +0.03 | 3.41 | 0.00 
36.9 | +1.0 | 87 16 | 3 2 || 0.42 | —0.68 | 1,32 | 2stations..........-| 0.00 
42.4 | +1.2/ Las Vegas.._........ 88 25 | —5 1 || 0.64 | —0.31 | Marlette Lake. 3.23 | T. 
: 32.4 | +0.1 Springfield Mass...| 68 7 | Ripogenus Dam, Me_|—23 4 || 4.12 | +0.87 | West Rockport, Me.| 8.78 | Bethlehem, N. H...| 1.35 
40.0 | +1.6 | Indian Mills 738 18 | 2 stations........... 25 || 2.54 | —1.32 Belvidere. 3.80 | Asbury Park........ 0. 44 
40.7 | —2.8 | Carlsbad__- 83 30 | Elizabethtown —19| 28 || 0.82 | —0.02| Skeleton Canyon....| 3.95 | Newman-............ 0. 00 
32.3 | +0.2 70| 17 | 4 |] 3.53 | +052] Conklingville....... 6.14 | Gabriels. 1. 62 
Pa 47.2 | —2.3 | Newbern............ 79 18 | Mount M --.-|—-14 3 |] 2.81 | —1.50 | Andrews...........- 7.72 | Hendersonville......| 0.96 
26.1 | +3.5 | Oakes......... 62 19 | Park River_.......-. —17 20 || 0.09 | —0.74 | Power__............| 0.80 | 6 stations........... 0. 00 
ea 38.3 | —1.0 | McConnelsville.___. 78 17| 2 Sere tabs 6 3 || 2.77 | —0.66 | MeConnelsville..... 4.19 | St. Paris............ 1.34 
2 49.3 | —1.8 | Cherokee-_- 82 5| 22) 0.62 | —1.64 2.02 | 2 stations........... 0. 00 
44.5 | +2.5 | McMinnville. 87 —3/ L67| —1.39 | Government Camp-_| 6.79 | Bear 0. 04 
37.9 | +0.4 | Phoenixville 78 17 | Brookville. ......... 3 || 3.08 ' —0.51 | Arendtsville........| 5.05 | Mount Pocono.....-. 1.04 
50.9 | —3.9 | Conway... 80 18 | Walhalla__.......... 15 3 || 3.40 | —0.57 | Ferguson............| 6.32 | Darlington........-.| 0. 63 
32.4 | +1.3 | 3 stations__ 75 15 | Timber Lake---.-_..- -1l 2 || 0.51 | —0.51 | 2 stations._._....... 3.20 | Leola.............--| | 0.00 
e 47.3 | —2.1 | Etowah............. 77 16 | 2 stations.........../ ll 3 || 4.73 | —0.61 | Pheasant Field......! 7.65 | Dover............... 2. 02 
55.1 | —3.6 104 6 | Spearman........... | 6 3 || 1.73 | —0.33 | Bronson............ 5.28 | 0.00 
39.5 | +1.2 St. 81 —10 1 || L089 | —0.33 | Silver 
= 44.6 | —1.3 | 3 stations__ 78 | 217 | Burkes Garden_....| 2 3 || 2.09 | —1.64 | Rocky Mount-.-_-..- 4.42 | Mineral_............! 0. 68 
4 43.0  +2.2 | Castle Rock. 85 28 | Sullivan Lake_...... -3 2 || 2.65 | —0.71 EER 12.88 | Wahluke............ 0. 05 
40.3 | —2.3 | Romney. 79| Pickens............. 0 3 || 3.21 | —0.73 6.03 | Upper Tract........ 0. 20 
3 30.3 | +1.2 | 2 stations_-_ 75 16 cee —14 2 || 1.26 | —0.45 | Fond du Lac__._..-- 3.01 | Grantsburg--.......-. 0. 20 
29.1 | —0.7 68 | 213 | Snake —30 3 || 0.89 | —0.10 | Snake River__......| 2.73 | 0.15 
—2.4 |—11.4 50| Eagle. —65| 11 || 1.94 | -0.10| 17.96 | Talkeetna_.......... T. 
69.3 | +0.5 |..... 89 | 220) Puu 12 9.76 | +1.36 | Puohakamoa No. 2..) 38.00 | Kailua.............. 1.07 
: 74.2 | +0.3 | Coloso. 95} 25) Guineo Reservoir_..| 50 3 || 2.24 | —1,24 | Mona Island__.....- 5.10 | Central Aguirre.....| 0.67 
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MONTHLY WEATHER REVIEW 
TABLE 1.—Climatologicat data for weather bureau stations, March, 1930—-Continued 
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37; 33 U 30} 04) 

24; 44 3 63 
37} 40) 33) 68 
32) 38) 32) 65 
33| 33) 27] 66 
311 32) 35) 29) 68 
31) 35) 35) 28) 66 
34 g 4 
31} 34) 28] 6 
34) 33 
20 24| 78 
24} 35| 24) 77 

25| 29) 24| 75 

25} 29) 28| 23) 72 

32| 30) 26) 75 
28} 35| 31) 70 
30) 25) 71 
27| 37| 28} 82 
19} 32) 23) 19) 77 
16} 31 18} 79 
25| 28| 29| 25) 78 
26} 29) 28) 22) 67 
24; 28) 24 79 
19} 30) 23) 19} 79 
24} 32 38 75 
16} 32 18) 8% 
31) 30) 25) 7 
16} 33) 21) 14 6 
19} 49) 24) 20) 78 
18; 49) 24 74 
14) 44| 18} 8 

16} 39) 23) 18 

2 

4 
24) 28 69 4 
< 24) 34) 28 67 4 
34 61 4 
28 BU 5 
26| 35 69 5 
32 55 5 
ae 38 40 67 5 
32 67 3 
30) 34 72 4 
33 54 3 
31; 43) 33 53 2 
34) 34) 36 58 3 
29) 41) 32) 53 3 
21; 41) 27 0 5 
26 29) 21) 60 5 
22 27 71 4 
ie 28 65 4 
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